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© Heterocyclic compounds, processes for producing them end pharmaceutical compositions 
comprising them. 



© Novel heterocyclic compounds capable of lowering the uric acid levels m plasma and urine having the 
formula (I): 

B 

R 7 0C0-A-Z 

< 

CO wherein R 2 and R : are independently hydrogen, lower alkyl, phenyl or substituted phenyl, or R' and R 2 may 
<0 form a four to eight-mernbered carbon ring together with the carbon atom to which they are attached: R 3 is 
^ hydrogen or lower alkyl: R 4 is one or two radicals selected from a group consisting of hydrogen, halogen, nttro. 
lO lower alkyl. phenyl, substituted phenyl, -OR* and -SO = NR 6 R 6 ; is hydrogen, lower alkyl. phenyl-substituted 

lower alkyl. carboxymethyl or ester thereof, hydroxethyl or ether thereof, or allyl; R 6 and R b are independently 

hydrogen or lower alkyl: R 7 is hydrogen or a pharmaceutically active ester-forming group: A is a straight or 
O branched hydrocarbon radical having one to five carbon atoms: B is halogen, oxygen, or dithiolane; Y is oxygen. 

sulfur, nitrogen or substituted nitrogen: Z is oxygen, nitrogen or substituted nitrogen: dotted line represents the 
111 presence or absence of a single bond, processes for their production and pharmaceutical compositions 

comprising them. 
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HETEROCYCLIC COMPOUNDS, PROCESSES FOR PRODUCING THEM AND PHARMACEUTICAL COMPOSI- 
TIONS COMPRISING THEM 



The present invention relates to novel heterocyclic compounds capable of inhibiting the biosynthesis of 
uric acid and also accelerating the excretion of said acid, to processes for producing them and to 
pharmaceutical compositions comprising them. 

Hyperuricemia is a well known cause of gout, which is one of most popular diseses associated with 
s hyperuricemia, and the number of patients suffering from gout is increasing. Hyperuricemia Is also 
suggested to be a potential cause of certain angiopathys, such as ischemic cardiac disease and 
cerebrovascular disease. These diseases are associated with elevated levels of uric acid in plasma and 
urine, and have been treated with medicines which lower the uric acid level. 

There are two kinds of medicines used for such treatments. One is a xanthine oxidase inhibitor which 
io inhibits the biosynthesis of uric acid. The other is an eliminant which accelerates the excretion of uric acid. 
Examples of the inhibitor include Allopurinol and examples of the eliminant include Probenecid and 
Benzbromarone. 

The present inventors have now discovered a class of heterocyclic compounds which can accelerate 
the excretion of uric acid and inhibit the biosynthesis of said acid through xanthine oxidase inhibition 
T5 activity. 

In particular, the present invention provides novel heterocyclic compounds of the formula (I): 

B 

r 7 Z^-^A^y^R 1 



25 wherein FT and R r are independently hydrogen, lower alkyl. phenyl or substituted phenyl, or R* and R ? may 
form a four to eight-membered carbon ring together with the carbon atom to which they are attached. R-' »s 
hydrogen or lower alkyl: R* is one or two radicals selected from a group consisting of hydrogen, halogen, 
nitro, lower alkyl, phenyl, substituted phenyl. -OR 4 and -SO;NR*R* . R- is hydrogen, lower alkyl. phenyi- 
substituted lower alkyl. carboxymethyl or ester thereof, hydroxyethyl or ether thereof, or allyl, R* and R* 

30 are independently hydrogen or lower alkyl. R 7 ts hydrogen or a pharmaceutical^ active ester-formtng 
ytuup; A is a straight or branched hydrocarbon radical having one to five carbon atoms: B ;s halogen 
oxygen, or dithioiane. Y is oxygen. si'fur. nitrogen or substituted nitrogen. 2 is oxygen, nitrogen or 
substituted nitrogen, dotted line represents the presence Of absence of a single bond 
In other aspects t*>e •nventio-" provides 

(a) A pharmaceutical composition for the treatment or prophylaxis of hyperuricemia comprising a 
compound of the invention together with one or more pharmaceuttcally acceptable earners diluents or 
excipients. said compositions prelerabiy being m unit aosage form 

(b) The use of a compound of the invention in the manufacture of a medicament fc the r» carmen 1 
prophylaxis of hyperuncemia 

40 As can be seen from the above formula (I), the compounds ol the invention can oe classifier* mf: trvee 
groups, derivatives of chromanone (where Y is o*vgen) thiucnromanone (where Y is sulfur), and 2.3.4- 
tetrahydroquinoilne (where Y is nitrogen) 

For the purpose of the present invention, as disclosed and claimed herein the following terms are 
defined as below 

45 The term "lower alkyl H refers to a straight or branched saturated hydrocarbon radical having one to five 
carbon atoms, including methyl, ethyl, rvpropyf. isopropyl. butyt. rscbutyl. sec-butyl, tert-butyl. pentyl. 
isopentyl. and the like. 

The term "tower alkoxy" refers to those formed from lower afkyts noted above, including methoxy. 
ethoxy. propoxy, rsopropoxy. butoxy. isobutoxy, pentoxy and the like, 
so The term "substituted phenyl" refers to phenyl substituted with halogen or lower alkyl. and the like. 
Examples of substituted phenyl include p-tolyl and p-chlorophenyl. 

The term "four- to eight-membered carbon ring" refers to cyclobutyl. cyclopentyl. cyclohexyl. cyclohep- 
tyl, cyclooctyl, and the like. 

The term "halogen atoms" refers to fluorine, chlorine, bromine, and iodine. 
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in the definition of R 5 , the term M ester M used in the phrase "the ester of carboxy methyl" means a lower 
alkyl ester, such as methyl or ethyl ester; and the term "ether" used in the phrase "the ether of 
hydroxyethyl" means an ether which is formed by substitution of the hydrogen atom of the hydroxyl group 
in the hydroxyethyl group or aliphatic or aromatic alkyl group, such as benzyl. 

s In the definition of Ft 7 , the phrase "pharmaceutical^ active ester-forming group" refers to a group which 
binds to a carboxyl group through an ester bond. Such ester-forming groups can be selected from carboxy- 
protecting groups commonly used for the preparation of pharmaceutical! y active substances, especially 
prodrugs. For the purpose of the invention, said group should be selected from those capable of binding to 
compounds of formula (I) wherein R 7 is hydrogen through an ester bond. Resultant esters are effective in 

w increasing the stability, solubility, and absorption in the gastrointestinal tract of the corresponding non- 
esterified forms of said compounds (I), and also prolong the effective blood-level of it. 

Additionally, the ester bond can be cleaved easily at the pH of body fluid or by enzymatic actions in 
vivo to provide a biologically active form of the compound (I). Preferred pharmaceutical^ active ester- 
forming groups include 1 -(oxygen substituted)-C2 to C15 alkyl groups, for example, a straight, branched, 

75 ringed, or partially ringed alkanoyloxyalkyl group, such as acetoxymethyl. acetoxyethyl, propionyloxymethyl, 
pivaloyloxymethyl. pivaloytoxyethyl. cyclohexaneacetoxyethyl, cyclohexanecarbonyloxycyclohexylmethyl, 
and the like. Ca to C15 alkoxycarbonyloxyalkyl groups, such as ethoxycarbonyloxy ethyl, i sop ro poxy car- 
bony loxyethyl, isopropoxycarbonyloxypropyl. t-butoxycarbonyloxyethyl. isopentyloxycarbonyloxy propyl, 
cyclohexyloxycarbonyloxyethyl, cyctohexylmethoxycarbonyloxyethyl. bornyloxycarbonyloxyisopropyl, and 

20 the like, C2 to Cs alkoxyalkyls, such as methoxy methyl, methoxy ethyl, and the like. C* to Ce 2- 
oxacycloalkyls such as. tetrahydropyranyl, tetrahydrofuranyl, and the like, substituted Cs to &z aralkyls. for 
example, phenacyl, phthalidyl, and the like, Cs to C12 aryl. for example, phenyl xylyl. indanyl. and the like. 
O2 to Ci 2 alkenyl. for example, allyl. (2-oxo-1.3-dioxolyl)methyl and the like, and [4, 5-dihydro-4-oxo-1H- 
pyrazolo[3.4-d]pyrimidin-i-yl]methyl. and the like. 

25 The carboxy-protecting groups may be substituted in various ways. Examples of substituents include 
halogen atom, alkyl. alkoxy. alkylthio and carboxy groups. 

The term "straight or branched hydrocarbon radical" in the definition of A refers to methylene, ethylene- 
propylene, methylmethylene, or isopropylene preferably from about 60 to about 80 C. for about 30 
minutes to about 10 hours, preferably about 1 to about 7 hours Organic solvents which may be used are 

30 dry alcohols, such as dry methanol, ethanol. and the like. 

Enamines which may be used in the reaction include compounds of formula (III) wherein R is 1- 
cyclohexene or 1-cyctopentene. or -C(Ph) = CHr A selected enamme is used in an approximately equimoiar 
to slightly excess amount relative to the compound (II) 

When the reaction is complete, the mixture is distilled to remove the solvent, and the residue is treated 

35 by column chromatography, preferably silica gel column chromatography, using an appropriate elueni ior 
example, a mixture of ethyl acetate and hexane (1:2) or a mixture of ethyl acente and dichlorometnane n 9 
to 3 7) The eluate is concentrated to yield the compoundOV) as a thick syrup or a crude crystalline solid 
The latter can be purified by recrystallization from a solvent, for example, a mixture of diethyl etne» ana 
hexane. a mixture of benzene and hexane. or a mixture of ethyl acetate and hexane 

40 The compound (IV) may be substituted with a lower alkyl group (-R-) at the 3-position if desired 



Reaction Scheme 2 
0 0 
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preferably from about 60 to about 80 "C. for about 30 minutes to about 10 hours, preferably about 1 to 
about 7 hours. Organic solvents which may be used are dry alcohols, such as dry methanol, ethanol. and 
the like. 

Enamines which may be used in the reaction include compounds of formula (III) wherein R is 1- 
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cyclohexene or 1-cyclopentene, or -C(Ph) = CH2. A selected enamine is used in an approximately equimolar 
to slightly excess amount relative to the compound (II). 

When the reaction is complete, the mixture is distilled to remove the solvent, end the residue is treated 
by column chromatography, preferably silica gel column chromatography, using an appropriate eiuent, for 
5 example, a mixture of ethyl acetate and hexane (1:2) or a mixture of ethyl acetate and dichloromethane (1:9 
to 3:7). The eluate is concentrated to yield the compound (IV) as a thick syrup or a crude crystalline solid. 
The latter can be purified by recrystallization from a solvent, for example, a mixture of diethyl ether and 
hexane, a mixture of benzene and hexane, or a mixture of ethyl acetate and hexane. 

The compound (IV) may be substituted with a lower alkyl group (-R 3 ) at the 3-position, if desired. 

70 

Reaction Scheme 2 



0 0 
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(IV) (V) 



wherein R\ R 2 , R 3 , and R* are as defined above. 

In Reaction Scheme 2. the compound (IV) is reacted with pyridine hydrochloride to provide the 
compound (V). 

The reaction is preferably conducted in dry pyridine hydrochloride at a temperature in the range of from 
about 150 to about 250 *C, preferably from about 200 to about 220 *C. for about 10 minutes to about 5 
hours, preferably about 30 minutes to about one hour. 

When the reaction is complete, water and diethyl ether are added to the reaction mixture, and the 
organic layer is separated. The organic solution is distilled to remove the ether. The residue is loaded on a 
silica gel column and eluted with an appropriate eiuent. for example, a mixture of acetonitnle and 
dichloromethane (1:9 to 1:4), a mixture of ethyl acetate and dichloromethane (1:9). or diethyl ether The 
eluate is concentrated to yield the compound (V) as a thick syrup or a crude crystalline solid The latter can 
be purified by recrystallization from a solvent, such as a mixture of diethyl ether and hexane. diethyl ether, 
and the tike. 

Reaction Scheme 3 



45 




wherein R 1 . R\ R 2 , R\ and A are as defined above. 

In Reaction Scheme 3, the compound (V) is reacted with an ethyl ester of a halogenated carboxylic acid 
of the formula: EtOzOA-Br in the presence of a base under nitrogen atmosphere. 

The reaction is preferably conducted in an organic solvent at a temperature in the range of from about 
25 to about 100 * C, preferably from about room temperature to the boiling point of the solvent for about 1 
to about 48 hours, preferably about 2 to about 20 hours. 

Prefered organic solvents are polar solvents which include acetonitrile, dimethylformamide (DMF) and 
acetone, and is more preferably DMF. Bases which may be used include alkali or alkaline earth metal 



A 



V 
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carbonates. Prefered base is potassium carbonate. Ethyl esters of haiogenated carboxylic acid which may 
be used include ethyl bromoacetate, ethyl bromopropionate, ethyl bromobutyrate, and the like. A selected 
ester is used in an approximately equimolar to slightly excess amount relative to the compound (V). 

When the reaction is complete, the mixture is distilled to remove the solvent and the residue is 

5 extracted with diethyl ether. The ether extract is concentrated and the concentrate is subjected to 
recrystallization. Alternatively, the concentrate is treated by silica gel column chromatography using an 
appropriate eluent, such as dichloromethane, a mixture of ethyl acetate and dichloromethane (1:9), or a 
mixture of ethyl acetate and hexane (1:2). The eluate is concentrated to yield the compound (VI) as a crude 
crystalline solid, which is then recrystatlized from a solvent, for example, cyclohexane, a mixture of diethyl 

ro ether and hexane or a mixture of benzene and hexane. 

Reaction Scheme 4 



15 



20 




wherein R\ R 2 . R 3 . and R 5 . and A are as defined above. R*' is a radical selected from those listed in the 
definition of R* to the exclusion of a hydroxyl group, and X is halogen or -OTs. 

In Reaction Scheme 4, the compound (VI ), the same compound as the compound of formula (VI) 
wherein at least one of the substituents represented by R 4 is a hydroxyl group, is reacted with an alkylating 
agent (R 5 X) in the presence of a base to provide the compound (VII). 

The reaction is preferably conducted in an appropnate organic solvent such as DMF at a temperature m 
the range of from about 25 to about 100 # C. preferably from about room temperature to about 70 *C for 
about 1 to about 48 hours, preferably about 2 to about 20 hours. 

Alkylating agents which may be used include methyl iodide, ethyl iodide, benzyl bromide, ailyl bromide 
isopropyl iodide. PhCH 2 0(CH) 2 OTs. and the like. The base can be selected from those commonly used m 
the alkylation reaction with a preference of potassium carbonate. When the alkylating agent is PhCN;0(CH»- 
;OTs. sodium hydride is employed. 

When the reaction is complete, the mixture is distilled to remove the solvent and the residue is 
extracted with diethyl ether. The ether extract is concentrated, and the concentrate is treated by silica gei 
column chromatography. The compound (VII) is obtained as a thick syrup or a crude crystalline soua 
Eluents which may be used are a mixture of ethyl acetate and dichloromethane (1.9). a mixture of acetone 
and dichloromethane (1:99 to 1.20). or a mixture of acetonitnle and dichloromethane (1:4) Solvents which 
nay be used for the recrystallization are diethyl ether, a mixture of ethyl acetate and hexane. or a mixture of 
diethyl ether and hexane. 
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Reaction Scheme 5 




wherein FT. R 2 , Ft 3 . Ft*. Ft* . R s . and A are as defined above. 

50 In Reaction Scheme 5, either of the compounds (VI) in Reaction Scheme 3 or the compound (VII) in 
Reaction Scheme 4 is treated with N-NaOH or trifluoroacetic acid to remove the carboxy-protectmg group, 
whereby the compound (I ) of the present invention is obtained. 

The reaction is preferably conducted in an appropriate solvent, preferably ethanot at a temperature in 
the range of from about 10 * C to the boiling point of the solvent for about 10 minutes to about 48 hours 

3 s oreferably about 30 minutes to about 20 hours 

When the reaction is complete, the mixture ts made acidic with hydrochloric aud and concentrated The 
residue is then recrystallized from an appropnate solvent, for example, diethyl ether, ethanol ethyiacetate 
acetone, a mixture of ethanol and water, a mixture of diethyl ether and hexane. a mixture of ethyl acetate 
and hexane. a mixture of acetone and hexane. or a mixture of acetone, ethyl acetate and diethyl ether 

40 The resulting compound (I ) in carboxyhc acid form (R ; tn the formula (I) is hydrogen} can be converted 
easily into a pharmaceuticatiy active ester to yield a prodrug as mentioned above Examples of pnarmaceu- 
ttcally active esters are those formed with ester-forming groups listed above, including pivaloylo*ymethyi 
phtalidyl. 1 -hydroxy methylanopunnol. and the like Esterification can be carried out using standard proce- 
dures well known to those skilled in the art. 

*s in the above description, only chromanone derivatives are illustrated However, one skilled in the art will 
readily appreciate that other classes of compounds of the formula (I), thiochromanones and quinohnes. can 
be synthesized substantially m accordance with the Reaction Scheme illustrated above just by replacing the 
starting material (II) with a corresponding compound having a thioalcohol group (-SH) or amino group l-NH : } 
instead of a hydroxyl group (-OH) in the formula (II). 

50 The compounds of the formula (I) have been shown to accelerate the excretion of uric acid, and also 
inhibit the biosynthesis of uric acid through xanthine oxidase inhibitory activity as illustrated rn the 
Expenments hereinafter described. Therefore, the compounds of the invention are useful for the treatment 
of various diseases associated with hyperuricemia, for example, gout, ischemic cardiac disease, and 
cerebrovascular disease. 

55 The following Examples further illustrate the compounds of the present invention and methods for their 
synthesis. The Examples are not intended to be limiting to the scope of the invention in any respect and 
should not be so construed. 



EP 0 415 566 A1 



Preparation 1 

(^.e'-Dirnethoxy^'-hydroxy-s'-methylphenylJethanone 

A mixture of 2,4,6-trimethoxytoluene (90% purity, 9.1 g, 45 mmol), acetyl chrolide (3.9 ml, 55 mmol), 
anhydrous aluminium chloride (7.98 g, 60 mmol), and anhydrous dichloromethane is stirred for 3 hours 
while cooling on ice. 

The reaction mixture is then poured into ice-cooled water and the mixture is extracted with dich- 
loromethane. The organic layer is separated and washed with water, dried, and concentrated to yield an oil. 
The oil is loaded* onto a Lober column (Merck) and eluted with a mixture of acetyl chloride and 
dichloromethane (1:9) 

From earlier fractions, the starting materials are recovered. From succeeding fractions, a crystalline 
solid is obtained (5.8 g ( m.p.= 102 - 103 * C). 

To a solution of the crystalline solid (5.2 g. 23 mmol) in dry dichloromethane (23 ml) is added dropwise 
a 2 M boron trichloride solution In dichloromethane (25 ml. 50 mmol) at -50 # C. The reaction mixture is 
stirred at -50 to -20 * C for 2 hours and then at -20 * C to room temperature for 2 hours. Ice-cooled water is 
added to the mixture and stirring is continued overnight at room temperature. The resulting mixture is 
extracted with dichloromethane, and the extract is washed with water, and concentrated to yield a crystalline 
residue. The residue is washed with diethyl ether to obtain the title compound as a crystalline solid (4.18 g. 
m.p.= 143 - 144 "C, yield 49.3%, based on the starting compound). Recrystallization from ethyl acetate 
gives a product having a melting point of 146 - 147 * C. 



Elemental analysis (for 






Calcd.: 


C. 62.85: 


H. 6.71 


Found: 


C. 62.53: 


H, 6.68 



•H-NMR (CDCb) 5ppm: 14.0(1H.s). 5.93(1 H.s). 3.89(6H.s). 2.60(3H,s). 2.00(3H.s). 
' 3 ONMR (CDCb) 5ppm: 203.3. 163.8. 163.49. 105.73. 105.54. 85.6. 55.4. 55.3. 33.1. 7.1 



^reparation 2 



<2 -Chloro-6 -hydroxy-4 -methoxyphenyl)ethanone 

To a solution of 3.5-dimethoxychlorobenzene (5 18 g. 30 mmol) and acetyl chloride (2 59 g 33 mmol) in 
dry dichloromethane (30 ml) is added anhydrous aluminium chloride (4 4 g. 33 mmoU by portions at -15 to 
•10 *C and the mixture is stirred for 3 hours at the same temperature The resulting reaction mixture is 
poured into ice-cold dilute hydrochloric acid, and the solution is extracted with dichloromethane The 
organic layer is separated and washed with saturated brine, dried and concentrated The residue is placed 
on a silica gel column and eluted with a mixture of hexane and ethyl acetate (2 1 ) to obtain an oil (5 25 g) 
To a solution of the oil (4.75 g, 20 mmol) in dry dichloromethane (22 ml) is added dropwise a 2M boron 
trichloride solution in dichloromethane (24.2 ml. 48.4 mmol). at -50 to -60 * C. 

After stirring the mixture at -50 to -30 * C for 1 hour, ice-cold water is added thereto The resulting 
mixture is extracted with dichloromethane. and the organic layer is washed with saturated brine, dried and 
concentrated. A crystalline residue is recrystaltized from hexane to obtain the title compound (3.91 g. yield 
72.1°i. based on the starting compounds. m.p.= 54 to 55 * C). 

'H-NMR (CDCb) Sppm: 13.47(1 H.s). 6.55(1 H. d, J = 2.6). 6.37(1 H,d. J = 2.6). 3.83(3H.s). 2.81 (3H.s). 



Preparation 3 



6-Methoxyspiro[ 2H -l-benzopyran-2.1-cyclohexanH(3H)-one 
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A solution of (2'-hydroxy-5'methoxyphenyl)ethanone (3.32 g, 20 mmol) and cyclohexanonepyrrolidine 
(enamine form) (3.18 g, 21 mmol) in dry ethanoi (40 ml) is heated to reflux for 1.5 hours under nitrogen gas. 
The solvent is removed by distillation, and the residue is dissolved in diethyl ether, washed with dilute HCI 
and then water, dried, and concentrated. The residue is placed on a silica gel column and eluted with a 
mixture of ethyl acetate and hexane (1:2) to obtain the title compound as thick syrup (4.5 g, yield 91.3%). 



Preparations 4-11 



70 



75 



20 



25 




enamine (ID) 
iOMe (0 R > 




(IV) 



In Preparations 4-11, corresponding compounds (IV) were prepared according to the procedure of 
Preparation 3 employing the starting materials (II) and reaction conditions shown in Table 1. Physicochem- 
ical properties of each product are given in Table 2. The term "starting material" refers to the compound 
used in the reaction. Said compound is depicted by the number of Preparation or literature which gtves or 
discloses the same. 
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Table 2 



Compd. of 
Prep. No. 


M.p. 
(recrystallized) 


Mdlecular 
formula 


Elemental analysis 


'H-NMRfCDCXs) 6 ppm(J Hz) 








C 


H 


CI 




3 
4 


thick syrup 
thick syrup 










7.30(1 H,d,J = 2.5), 
7.10(1H,dd,J = 9.0 and 2.5), 
6.86(1^^ = 9.0), 3.78(3H,s), 
2.66(2H,s), 2.1-1 .3(1 0H,m) 
7.78(1*^ = 9.0), 
6.50(1 H,dd,J = 9.0 and 2.0), 
6.40(1 H,d,J = 2.0), 3.82(3H,s), 
2.63(2H,s), 2.2-1 .2(10H ? m) 


5 


78-79 

ether-hexane 










7.64(1 H,d.J = 9.0), 
6.10(1H.d,J = 9.0), 3.92(6H.s). 
6.77(2H,s). 
2.3-1 .2(10H,m) 


6 


137-138 

benzene-hexane 




72.47 
(72.51) 


6.13 
( 6.28) 




7.5-7.1 (5H.s), 

6.19(1H ( d,J = 2.0). 

5.97(1 H,d.J = 2.0), 3.81 (3H.s). 

3.78(3H,s). 320(1 H.d.J = 16.5). 

2.95(1 H,d.J = 16.5), 1.70(3H.s) 


7 


thick syrup 










6.03(2H,s). 3.88(3H.s), 
3.82(3H,s). 2.73(2H,s). 
2.2-r4(8H.m) 


8 


115-116 
ether-hexane 


C-sHjoO* 


69.54 
(69.55) 


7.30 
(723) 




6.07(1 H.d.J = 2.0). 

6.00(1 H.d.J = 2.0). 3 85(3H.s). 

3.80(3H.s). 

2.6K2H.S). 2.0-1.3(10H.m) 


9 
10 


thick syrup 

174-175 
ether-hexane 










6.30(2H.s). 3.80(3H,s). 2 61{s) 
and 2 58(s»(5H). 2-2-1 2(1 OH.m) 
6.09(1 H.s). 3.90<6H.s). 
2.60(2H.s). 2 05-1.2(13H.m) 


11 


83-84 ethyl 
acetate- hexane 


C^H.zCtOi 


64 17 
(63.92) 


6 10 
(6 15) 


12 63 
(12.52) 


6 57(1H.dJ = 2 4). 

6 78(1H.d.J = 2 4). 3 83(3H_s) 

268(2H.s). 

2.0-1 25(lOH.m) 



45 



Preparation 12 



50 5,6-Dichloro-7-methoxyspiro[ 2H -Vbenzopyran-2.1 -cycfohexan]-4(3H)-one (12-1) and 5.8-dichloro-7- 
methoxyspiro[ 2H -1-benzopyran^2.r-cyclohexan]-4(3H)-one (12-2) 

To a solution of 5-chloro-7-methoxyspiro{ 2H -1-benzopyran-2.l -cyclohexan]-4(3H)-one (prepared in 
Preparation 11) (0.63 g. 2.25 mmol) in dry dichloromethane (10 ml) is added dropwise a solution of sulfuryl 
55 chloride (0.345 g. 2.56 mmol) in dichloromethane (4.5 ml) at -35 to -30 * C over 10 minutes. The mixture is 
then continuously stirred at a temperature ranging from -30 to -20 " C for half an hour, at 0 to 3 " C for one 
hour, and 3 " C to room temperature for half an hour. The solvent is removed and the residue is treated with 
diethyl ether. The mixture is filtered to obtain the crystalline compound (compound No. 12-1) (0.375 g t yield 
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53%, m.p.= 167- 168 *C). 

The filtrate Is concentrated and the residue is diluted with hexane. The resulting precipitate is collected 
by filtration to yield a mixture of crystalline compound (12-1) and compound (12-2) (022 g, m.p.= 109 - 
112 'C. (12-1):(12-2) = 1:3). Recrystal (nation from ethyl acetate gives a pure compound (12-2) having a 
melting point of 126 to 127 * C. 



Compound (12-1) 



Elemental analysis (for CisHtcCbCb) 


Calcd.: 
Found: 


C, 57,16; 
C, 57.16; 


H, 5.12; 
H. 5.09; 


CI. 22.49 
CI. 22.53 



'H-NMR (CDCb) $ppm: 6.47(1 H.s), 3.95(3H,s), 2.70(2H,s), 2.0 - 1.25(10H.m). 

13 C-NMR (CDCb) Spprn: 188.69, 160.63, 160.27, 13322. 117.03, 112.35, 99.87, 80.46, 56.7. 48.82. 
34.60, 25.06. 21.46 



Compound (12-2) 



Elemental analysts (for C* 5 H^Clr0 3 ) 


Calcd.: 
Found: 


C. 57.16: 
C. 57.26: 


H. 5.12: 
H. 5.08: 


CI. 22.49 
CI. 22,50 



'H-NMR (CDCb) appm: 6.65(1 H.s), 3.97(3H.s). 2.70(2H.s). 2.2 - 1.l(10H.m) * 3 C-NMR (CDCb) *ppm 189 2. 
159.4. 157.32. 133.48. 1 12.97, 109.87. 107.97. 81.25. 56.68. 49.30. 34 71. 25.15. 21.37 

Preparation 13 

57-Dtmethoxy-3-methylspiro[ 2H -1-benzopyran-2.1 -cyclohexan]-4(3H)-one 

A solution of 5.7-dimethoxyspiro[ 2H -l-beruopyran-2.1 -cyciohexan]-4(3HK>ne (prepared m Preparation 
8) (1.38 g. 5 mmol) in dry tetrahydrofuran {10 ml) is added dropwise at -78 * C to a solution of lithium 
dusopropylamide (prepared from dusopropylamine (0 77 ml. 7 6 mmol) and 1 3N butyl lithium solution m 
hexane {3 85 ml. 5.0 mmol)) in tetrahydrofuran To the mixture is added hexamethyl phosphoric^ tnamiae 
(1.05 ml) and then a solution of methyl iodide (0 78 g. 5 5 mmol) m tetrahydrofuran (1 ml) at -70 C After 
the mixture is reacted at -78 to 0 ' C for 2.5 hours and then at 0 to 3 * C for 2 hours, an aqueous solution of 
ammonium chloride is added thereto. The mixture is then extracted with diethyl ether and the organic layer 
is separated, washed twice with saturated bnne. dried and the solvent is removed by distillation The 
residue is loaded onto a Lober column and eluted with a mixture of acetonitnle and dichloromethane (1 9) to 
obtain the title compound as an oil (1.01 g. yield 69.6%) 

'H-NMR (CDCb) 6ppm: 6.08(1 H.d.J = 2), 6.02(1H.dJ = 2). 3.87(3H,s). 3.83(3H,s). 2.51(1H.q,J = 7). 2 1 - 
1.3(10H.m). 1.13(3H.d.J = 7). 



Preparation 14 

6-Hydroxyspiro[ 2H -1-benzopyran-2.1-cyclohexan]-4(3H)-one 



11 
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A mixture of 6-methoxyspiro[ 2H -l*benzopyran-2,l'-cyclohexan]-4<3H)-one (prepared in Preparation 3) 
(1.0 g, 4.06 mmol) in dry pyridine HCl (6 g, 52 mmol) is heated to 210 - 215 ' C on an oil bath for 45 
minutes with stirring, and allowed to cool. The mixture is extracted with water and diethyl ether. The ether 
layer is separated, washed with dilute hydrochrolic acid and. then water, dried and concentrated. The 
s residue is placed on a silica gel column and eluted with a mixture of acetonitrile and dichloromethane (1:9 
to 1:4) to obtain the title compound as an oil (0.81 g, yield 85.5%). 



Preparation 15-25 



75 



20 




In Preparations 15 to 25, corresponding compounds (V) are prepared subatantially in accordance with 
procedures described in Preparation 14 using starting materials (IV) and reaction conditions shown in Table 
3. Physicochemical properties of each product are given in Table 4. 
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Table 4 



5 


Compd. of 
Prep. No. 


M.p. (*C) 
(recrystallized) 


Molecular 
formula 


Elemental analysis(found) 


1 H-NMR(CDCt 3 ) 5 ppm(J Hz) 










C 


H 


Ci 




10 
15 


14 
15 


think <?vrun 
171-172 










7.40(1 H,d,J = 2.5), 
7.10(1H,dd,J = 9.0 and 2.5). 
6.85(1 H,d.J = 9.0), 6.85(1 H,b), 
2.68(2H f s), 2.1-1 2(10H,m) 
7.90(1 H,s), 7.79(1 H,d,J = 9.0), 
6.54<1H t dd,J = 9.0 and 2.0), 
6.440IH ( d t J=2.0), 2.68(2H,s), 
2.2-1 .2{10H.m) 


20 


16 


83-84 

ether-hexane 




67.73 
(67.60) 


6.50 
( 6.82) 




7.43(1 H,d.J = 9.0). 6.73(1 H.s), 
ft 60HH d J = 9 01 
5.83(1 H.s). 2.71 (2H.s), 
2.2-1 .3(10H.m) 


25 
30 


17 
18 


thick syrup 
thick syrup 










7.5-7.2<5H,rn), 

6 05HH d J = 2 0) 

5.88(1 H.d.J* 2.0) 

3.30(1 H,dJ = 16.5). 

3.03(1 H.d,J = 16.5). 1.70(3H.sl 

11.97(1 H.s). 7.50(1 H.bs). 

5.96(1 H.d.J* 2.0). 

5.89(1 H.d.J = 2.0). 

2.78(2H.s). 2.2-1 .5(8H.m) 


35 


19 


140-141 
ether 


Ct*Ht80* 


67.73 
(67.73) 


6.50 
{ 6.52) 




11.97(1 H.s). 7.68(1 H.s). 
5.95(2H.s). 2.65(2H.s). 
2.M.2(10H.m) 


40 


20 
21 


171-172 
179-180 










7 57(1H.s).6.34(2H.s). 2 66(S) 

and 2 60(s)(5H). 2 1-1 3(t0H m> 

in acetone-d- 6 00(1 H.sj 

3 1(2H.b). 2 65(2H.s) 2 0(3H si 

22-1.1(lOH.m) 




22 


188-189 
ether-hexane 


C*H^sCt0 3 


63.04 
(63.02) 


567 
(5 70) 


1329 
(13.10) 


6 84(1 H.s). 6 58(1H.d.J = 2 4> 
6 39(1H.d.J = 2 4), 2 7(2H.s). 
2 0-l.25(10H.m) 


45 
50 


23 

24 
25 


189-191 

thrck syrup 
thick syrup 


C.4HmCI?0 3 


55.83 
(55.73) 


4.69 
( 4.74) 


23.54 
(23.53) 


6.60(1H.s). 6.23(1 H.b). 
2.68(2H.s). 2.05-1.15(10H.m) 

6.78(1 H.s), 6.60(1 H.bs). 
2.72(2H.s). 1.2-1. 1(10H.m) 
12.0(1H.S), 7.3(1H.bS). 
5.95(2H.bS). 2.54<1H,qJ = 7.0). 
2.1-1. 1(10H.m). 
1.19(3H,d.J = 7.0> 



55 



14 
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Preparation 26 



5,7-dihydroxyspiro[ 2H -1-benzopyran-2,l'-cyclohexan}-4<3H)-one 

A mixture of 5,7-dimethoxyspiro[ 2H -1-benzopyran-2,l'-cyclohexan]-4(3H)-one [H.F.Birch, A. Robert- 
70 son, and T.S.Subramanjam. J.Chem.Soa, 1832 (1936)] (1.3 g, 6.25 mmol) and 48% hydrobromic acid (50 
ml) is heated to reflux for one hour. After cooling, the reaction mixture is concentrated under reduced 
pressure. The concentrate is extracted with diethyl ether and the extract is washed with water, dried, and 
concentrated. The residue is placed on a silica gel column and eluted with diethyl ether. The eluate is 
treated with ether to yield the title compound as a crystalline solid (0.65 g, 58%). 
75 'H-NMR (dc-acetone) 5ppm: 5.92(2H,s), 4.46<2H,U=:6.5). 3.16(2*is). Z75(2fttJ=6.5). 



Preparation 27 

20 

Ethyl [(3.4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,r-cyclohexan]-6-yl)oxy]acetate 

A mixture of 6-hydroxy-spiro[ 2H -1-benzopyran-2.l'-cyclohexan]-4(3H)-one (prepared in Preparation 
14) (0.878 g, 3.78 mmol), ethyl bromoacetate (0.69 g. 4.13 mmol). anhydrous potassium carbonate (0.78 g. 
25 5.65 mmol) and dry N , N -dimethylformamide (DMF) (7.5 ml) is stirred at room temperature for 4 hours 
under nitrogen gas. DMFls removed by distillation under reduced pressure and the residue is extracted 
with diethyl ether. The ether layer is separated and washed successively with water, dilute sodium 
hydroxide and saturated brine, dried and distilled to remove ether. The residue is recrystalhzed from 
cyclohexane to obtain the title compound as a crystalline solid (1.1 1 g, yield 92.5%, m.p. = 72-73 C) 



Preparation 28-44 



35 



40 




(V) f vi) 



In Preparations 28 to 44, corresponding compounds (VI) were prepared according to the procedure of 
Preparation 27 employing the starting materials (V) and reaction conditions given in Table 5 Purification 
was conducted by means of silica gel column chromatography. Physicochemtcal properties of each product 
are shown in Table 6. 



55 



15 
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Preparation 45 

5 

Diethyl {(3.4-dihydro-4-oxospiro[ 2H -1-benzopyran-2.1'"Cyctahexan^7 r 8-y!}dioxy}diacetate (45-1), Methyl 
{(7-hydroxy-3,4-dihydro-4-oxospirol2H -1-benzopyran-2,l'-cyclohexan]-8-yl)oxy}acetate (45-2), and Methyl 
{(8-hydroxy-3,4-dihydrch4-oxospiro[ 2H -1-benzopyran-2 ( l'-cyclohexanh7--yiyoKy}acetate (45-3) 

A mixture of 7,8-dihydroxyspiro[ 2H -1-benzopyran-2,1 -cyclohexan]-4-(3H)one (prepared in Preparation 
16) (4.02 g, 16.2 rnmol), ethyl bromoacetate (2.98 g. 17.8 mmol). anhydrous potassium carbonate (3.35 g, 
24.3 mmol), and dry acetonitrile (49 ml) is stirred overnight at room temperature. The mixture is filtered to 
remove the inorganic substance and the filtrate is distilled. To the residue is added diethyl ether and the 

75 mixture is extracted with 1N sodium hydroxide. The ether layer is separated, washed with water, dried, and 
concentrated to yield the title compound (45-1 ) as a syrup (2.0 g, yield 29%). The aqueous layer is made 
acidic with dilute hydrochloric acid and extracted with diethyl ether. The ether layer is separated and 
extracted with aqueous sodium bicarbonate. The aqueous layer is made acidic with dilute hydrochloric add 
and extracted with ether. The extract is washed with water, dried and concentrated. To the concentrate *s 

20 added a mixture of diazomethane and ether to form methyl ester. The mixture is distilled to give a residue 
(1.8 g) containing the title compounds (45-2) and (45-3). The residue is placed onto a Lober column and 
eluted with a mixture of ethyl acetate and dichloromethane (1:9). From the earlier fractions, the compound 
(45-2) is obtained as a crystalline solid (0.4 g, 7.4%, m.p. = 118- 119 *C). From the succeeding fractions, 
the another compound (45-3) is obtained as a syrup (0 6 g. yield 11.5°o) 

25 

Compound (45-1) 

'H-NMR (CDCL 3 ) Sppm: 7 58{1H.d.J = 9). 6-47(1 H.d,J = 9). 4 76(2H.s). 4.73(2H.s>. 4.30(2H,q.J = 7). 4 23- 
30 (2H.q.J = 7), 2.66(2H.s). 22 - 1.2(16H.m) 



Compound (45-2) 

35 'H-NMR (CDCb) &ppm* 8.53(1H.s). 7 57<1H.d.J = 9). 6 56(1H.d.J = 9). 4 7H2H.S1. 383(3H.S) 265(2H.S) 2 15 
-1.2(10H.m) 

Compound (45-3) 

40 *H-NMR (CDCl.) 6ppm 7 40MHd.J«9i 6 50f1Hd J=9> 6 27MH.S) 4 76(2H. S ) 3 82(3Hsi 2 70l2Hs> 21- 
1.2(10H.m) 

Preparation 46 



4 5 

Ethyl 2-{(5-hydroxy-3.4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l -cydohexan)-6-yl)oxy}propronate 

A mixture of 5.7-dihydroxyspiro( 2H -1-benzopyran-2.t cyclohexan]-4(3H}-one (prepared in Preparation 
19) (0.248 g. 10 mmol). ethyl 2-bro"moproptonate (0199 g. 1.1 mmol). anhydrous potassium carbonate 
so (0.207 g, 1.5 mmol). and acetonitrile (3 ml) is stirred at room temperature for 22 hours, and the reaction 
mixture is concentrated. To the residue is added saturated brine and the mixture is extracted with 
dichloromethane. The organic layer is separated, dried, and concentrated. Purification by silica gel column 
chromatography (eluent: dichloromethane) gives the title compound as an oil (0.284 g. yield 8l.6°o). 

•H-NMR (CDCI 3 ) 6ppm: 11 94(1H.S). 593(2H.sK 4 73{1H.q. J*6.8). 4.2l(2H.q.J = 7). 263(2H.s). 160- 
55 (3H.dJ =6.8). 2.15- 1.05(10H.m). 1 .26I3H.U«= 7) 



Preparation 47 



21 
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Ethyl 4-{{5-hydroxy-3,4-dihydro-4-oxospiro[ 2H -l-benzopyian-^V 

According to the same procedure as in Preparation 46, a mixture of 5,7-dihydroxyspiro[ 2H -1- 
benzopyran-2,l'-cyciohexanH{3H)one (prepared in Preparation 19) (0.248 g, 1.0 mmol), ethyl 4- 
bromobutyrate (0215 g, 1.1 mmol), anhydrous potassium carbonate (0.207 g, 1.5 mmol), and acetonitrile (3 
ml) is reacted and treated. The resulting extract is concentrated and the residue is purified by silica gel 
column chromatography (eluent acetone and dichlomethane, 1:50) to obtain the title compound as an oil 
(0.236 g, yield 64.9%). 

1 H-NMR (CDCI 3 ) Sppm: 12.00(1H.s). 5.96(2H,s), 4.14(2H,q, J«7), 4.02(2H.t.J =6,3), 2.63(2H,s), 2.48- 
(2H,t.J = 6.8), 2.15-1 .20(12H,m), 1.24(3H,t,J =7). 



Preparation 48 

Ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2, 1 -cydopentan}-7-yl)oxy}acetate 

A mixture of ethyl 2-{(5-dihydroxy-3,4-dihydro-4-oxospiro [ 2H M-benzopyran-2.l'-cyclopentanp-ylH 
oxy}acetate (prepared in Preparation 30) (0.99 g, 3.0B mmol), methyl iodide (0.6 g, 426 mmol). anhydrous 
potassium carbonate (0.78 g, 5.65 mmol), and dry DMF (5.6 ml) is stirred at room temperature for 4 hours 
under nitrogen gas. DMF is removed by distillation under reduced pressure and the residue is extracted 
with ether. The ether layer is washed with saturated brine, dried, and concentrated. The residue is 
recrystallized from ether to obtain the title compound (0.89 g, yield 94.7%, m.p. = 81 - 82 * C) 



Elemental analysis (for 


C18H22O6) 




Caicd.: 


C. 64.66: 


H. 6.63 


Found: 


C. 64.61: 


H. 6.50 



'H-NMR (CDCb) 6ppm: 6.12(1H.d.J = 2), 5.95(1 H.d.J = 2), 4.61(2H.s). 4.28<2H.q.J = 7). 3.87<3H.s). 2 72- 
(2H.s). 22 - 1 .3<8H.m). 1 .3(3H.t.J = 7). 



Preparations 49 - 62 




(vi') W 

In Preparations 49 to 62, corresponding compounds (VII) were prepared according to the procedure of 
Preparation 48 employing the starting compound (VI ) and reaction conditions given in Table 7. Purification 
was conducted by means of silica gel column chromatography. Physicochemical properties of each product 
are shown in Table 8. 
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Preparation 63 

s 

Ethyl 4-{(5-(2-hydroxy)ethyl-3 t 4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)oxy}acetate 

A solution of ethyl 4-{(5-(2-ben2yloxy)ethyl-3,4-dihydro-4-oxospiro-[ 2H -1-benzopyran-2,1 -cyclohexan]- 
10 7-yl)oxy}acetate(prepared in Preparation 54) (0.347 g, 0.74 mmol) in a mixture of ethyl acetate and ethanol 
(1:3) (7 ml) is hydrogenated over 10% Palladium on activated carbon at room temperature until theoretical 
amount of hydrogen is consumed. The catalyst is removed by filtration and the filtrate is concentrated. The 
residue is placed on a silica gel column and eluted with a mixture of ethyl acetate and dichloromethane 
(1:9) to yield the title compound as a crude crystalline solid (0.235 g, 84%). Recrystatlization from diethyl 
re ether gives a product having a melting point of 104 - 105 * C, 



Elemental analysis (for 


CaoHacO/) 




Calcd.: 


C, 63.48; 


H, 6.92 


Found: 


C, 63.37; 


H, 6.95 



1 H-NMR (CDCU) 5ppm: 6.14(1H,d,J = 2.3), 6.05(1 H,d,J = 2.3), 4.62(2H.s), 429(2H,q,J=7), 4.2-3.8(4H.m), 
2.63(2H,s), 2.1 - 1.2(10H,m), 1.30(3H,t,J = 7). 



Preparation 64 

Ethyl 2-{(6-chloro-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexanH-yi)oxy}acetate 

Ethyl 2-{(3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan]-7-yl)oxy}acetate (prepared in 
Preparation 28) (0.72 g, 2.26 mmol) is dissolved in dry dichloromethane (7.2 mi). To the solution is added 
dropwise 1 M sulfuryl chloride solution in dichloromethane (2.3 ml, 23 mmo\) aft -40/ C with stirring. After 2 
hours stirring at -40 to -10 *C, the solvent is removed by distillation. The residue is dissolved in 
dichloromethane, and the solution is washed with water, dried, and concentrated. Tlie residue Is applied to a 
Lober column and eluted with a mixture of ethyl acetate and hexane (1:2). The resulting crude product is 
recrystallized from a mixture of diethyl ether and hexane to yield the title compound (0.6 g, yield 75%, 
m.p.= 116- 117 'Q. 





Elemental analysis (for C18H21CIO5) 


45 


Calcd.: 


C, 61.28; 


H. 6.00; 


CI, 10.05 


Found: 


C, 61.30; 


H.6.13; 


CI, 10.13 



1 H-NMR (CDCI3) 5ppm: 7.86(1H,s), 6.36(1 H,s), 4.72(2H,s), 4.27(2H.q,J = 7), 2.63(2H,s) t 2.1 - 1.1(13H,m). 



Preparation 65 

55 Ethyl 2-{(6,8-dichioro-5-methoxy-3 ) 4<iih/dft>-4K»cospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)- 
oxy}acetate (65-1), Ethyl 2-{(6-chloro-5-mothoicy-3.4-dihydro-4- oxospirof 2H -1 -benzopyran-2,1 - 
cyclohexan-7-yl^oxy}acetate (65-2), and Ethyl a-CCftchloro-S-methoxy-S^ihydro^-oxospirot 2H -1- 
benzopyran-2,1 -cyclohexan]-7-yl)oxy}acetate (65-3) 

27 
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Ethyl 2-{(5-m0thoxy-3,4^ihydro-4-oxospfro( 2H -l-benzopyran-2,1 '-cyclohexan]-7-y l)oxy}acetate 
(prepared in Preparation 49) (0.64 g, 1.83 mmol) is - dissolved m dry dichloromethane (11 ml). To the 
solution is added dropwise 1 M sulfuryl chloride solution in dichloromethane (2.0 ml) at -30 to -25 * C with 
stirring. After 15 minutes stirring at the same temperature, the solvent is removed by distillation. The 

5 residue is applied to a Lober column and eluted with a mixture of ethyl acetate and dichloromethane (1:9). 
From the earlier fractions, the compound (65-1) (50 mg, yield 6.5%) is obtained. Recry stall ization from 
hexane gives a compound having a melting point of 87 - 88 *C. From the succeeding fractions, the 
compound (65-2) (0.233 g, yield 33.1%) is obtained. Recrystallization from a mixture of diethyl ether and 
hexane gives a compound having a melting point of 104 - 105 "C. Rom tie last fraction, the compound 

w (65-3) (0.394 g, yield 56%) is obtained. 

Recrystallization from a mixture of benzene and hexane gives the compound having a melting point of 129 - 
130 °C. 



rs Compound (65-1) 





Elemental analysis (for C19H22CI2O6) 


20 


Calcd.: 


C, 54.69; 


H, 5.31; 


Ci, 16.99 




Found: 


C t 54.77; 


H, 5.42; 


CI, 17.10 



1 H-NMR (CDCI3) 5ppm: 4.70(2H,s), 4.30(2H,q,J = 7), 3.88{3H,s), 2.69(2^8), 25- 155(1 3H,m). 
Compound (65-2) 



30 


Elemental analysis (for C19H23CIO6) 




Calcd.: 


C t 59.61; 


H, 6.05; 


CI, 956 




Found: 


C, 59.63; 


H, 5.93; 


CI, 9.19 



35 

1 H-NMR (CDCis) Sppm: 6.20(1 H.s), 4.72(2H,s), 4.28(2H,q,J=7) f 3.6&(3H f s), 2.62(2H f s), 2.1 - 15(13H,m). 



Compound (65-3) 

40 





Elemental analysis (for CiaFfeaCiOe) 




Calcd.: 


C, 59.61; 


H, 6.05; 


CI, 956 


45 


Found: 


C ( 59.59; 


H, 6.02; 


CI, 9.05 



1 H-NMR (CDCI3) 5ppm: 6.02(1 H.s). 4.76(2H,s), 4.27(2H,q,J = 7). 3.85(3H,s), 2.62(2H I s), 2.2 - 1.2(13H,m). 
Preparation 66 



Ethyl 2-{(8-chloro-5-hydroxy-3 t 4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan-7-yi)oxy}acetate 

Ethyl 2-{(8-chloro-5-methoxy-3 i 4-dihydro-4-oxosfAo[ 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)- 
oxy}acetate (65-3, prepared in Preparation 65) (0.575 g, 1 A -nimbi) is dissolved in dry dichloromethane (3 
ml). To the solution Js added dropwise a 2 M boron trichloride: solution in dichloromethane (1.5 ml, 3.0 
mmol) at -75 to -70 ' C. After stirring at -70 te^-50 *C ior 1.5 hams, ice-cold water is added thereto and the 



28 
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mixture is extracted with dichloromethane. The organic layer is separated, washed with aqueous sodium 
bicarbonate, dried, and concentrated. The residue is applied to a sifica gel column and eluted with a mixture 
of acetonitriie and dichloromethane (1:9) to yield the title compound as a crystalline solid (0.428 g, yield 
77.4%). Recrystaliization from diethyl ether gives a product having a melting point of 1 10 - 111 * C. 



Elemental analysis (for C18H20CIO6) 


Calcd.: 
Found: 


C, 58.62; 
C, 58.60; 


H, 5.74; 
H, 5.69; 


a, 9.61 

CI. 9.73 



1 H-NMR (CDCI3) «ppm: 10.95(1H,s) f 5.94<1H,s), 4.71(2H,s), 4.28(2*^ = 7), 2.69(2H,s), 2.2 - 1.2- 
(13H,m). 

Preparation 67 



Ethyl 2-{(6-chloro-5-hydroxy-3,4-dihydro-4-oxospirol 2H -1 4> eni op y ran-2,1 '-cyclohexan-7-y l)oxy}acetate 

According to the procedure of Preparation 66 employing ethyl 2{(6-chloro-5-methoxy-3,4-d(hydro-4- 
oxospirot 2H -1-benzopyran-2,l'-cyclohexan]-7-yl)oxy} acetate (65-2, prepared in Preparation 65) (0.65 g, 
1.7 mmolfahd 2 M boron trichloride solution in dichloromethane (1.7 mi, 3.4 mmol), the title compound is 
prepared as a crystalline solid (0.62 g, yield 94%). Recrystaliization from cyclohexane gives a product 
having a melting point of 103 - 104 * C. 





Elementary analysis (for CisfboCIOc) 


30 


Calcd.: 


C t 58.62; 


H, 5.74; 


Ci, 9.61 


Found: 


C, 58.53; 


H, 5.67; 


CI, 9.78 



1 H-NMR (CDCI3) 5ppm: 12.4(1H,s), 5.94(1H,s), 4.72(2H,s). 4.28{2H,q. J = 7), 2.69(2H,s), 2.2 - 1.2(13H,m). 

35 

Preparation 68 

40 Ethyl 2-{(6,6-dichloro-5-hydroxy-3,4-dihydro-4-oxosp1rot ZH -1-benzopyran-2.1*-cyclohexan-7-yT)oxy}acetate 

According to the procedure of Preparation 66 employing ethyl 2-{(6,8-dichlotx)-5-methoxy-3,4-dihydro-4- 
oxospirof 2H -1 -benzopyran-2 t 1 '-cyclohexan-7-yl)oxy}acetate (65-1, prepared In Preparation 65) (0.635 g, 
1.52 mmoifand 2 M boron trichloride solution in dichloromethane (1.7 ml, 3.4 mmol), the title compound is 
45 prepared as a crystalline solid (0.60 g, yield 98%). Recrystallizaton from a mixture of diethyl ether and 
hexane gives a product having a melting point of 134 - 135 " C. 





Elemental analysis (for C18H20CI2O6) 


50 


Calcd.: 


C, 53.61; 


H, 5.00; 


CI, 17.59 




Found: 


C, 53.34; 


H, 4.98; 


CI, 17.42 



1 H-NMR (CDCI3) 5ppm: 12.35(1 H,s). 4.70(2H,s». 4-29(211(^1=7), 2.74(2H,s). 2.2 - 1.2(13H,m). 
Preparation 69 

» 
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Ethyl 2-{(5-mGthoxy-8-nrtro-3,4-dihydro-4oxospiro( 2H -14»nzopyrarv-2,1 # -<^cfohoxan]-7-yl)o 

Ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -l-benzopyran-2,1 '-cyclohexan]-7-yl)oxy}acetate 
(prepared in Preparation 49) (1.3 g, 3.92 mrnol) is added by portions to fuming nitric acid (d= 1.50, 10 ml) 
at -60 ° C with stirring. After one hour stirring at -©0 to -40 * C, the reaction mixture is poured into ice-cotd 
water. The mixture is extracted with diethyl ether. The ether layer is separated, washed with water and then 
aqueous sodium bicarbonate, dried, and concentrated. The residue is washed with diethyl ether. Recrystal- 
lization from a mixture of ethyl acetate and hexane gives the title compounds as a crystalline solid (1 .05 g, 
yield 74.2%, m.p.= 142 - 143 " C). 



Elemental analysis (for C19H23NO8) 


Calcd.: 
Found: 


C t 58.00; 
C, 57.93; 


H, 5.89; 
H, 5.89; 


N, 3.56 
N, 3.60 



'H-NMR (CDCI3) fippm: 5.99(1 H,s), 4.74(2H,s), 4^6(2H I q ( J = 7) 1 3.89(3H,s), Z65(2H.s) t 2.1 - 1-2(13H,m). 



Preparation 70 



Ethyl 2-{(5-methoxy-8-chIorosu[fonyl-3.4-dihydro-4-oxospiro[ 2H -145enzapyran-2,l'-<;yclohexan]-7-yl)oxy} 
acetate " 

To a solution of ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan]-7-yl)- 
oxy} acetate (prepared in Preparation 49) (0.80 g, 2.29 mmol) irTdry dichloromethane (6 mi) is added 
chlorosulfonic acid (1.6 g, 13.7 mmol) with stirring while cooling on ice. After 1.5 hours reaction at room 
temperature, chlorosulfonic acid (0.54 g t 4.64 mmol) is added thereto and the reaction is continued at room 
temperature for additional 0.5 hours. To the mixture is added thionyl chloride (1.09 g, 9.16 mmol) and the 
mixture is heated to reflux for 1 .5 hours. The reaction mixture is poured into ice-cold water, and the solution 
is stirred for 10 minutes, and extracted with ethyl acetate. The ethyl acetate layer is separated and washed 
with saturated brine, dried, and concentrated to yield the title compound as a crystalline solid (0.99 g, yield 
96%, m.p. = 74 - 78 * C). The product is employed in the next step without purification. 



Preparation 71 



Ethyl 2-{(5HTnethoxy-8-sulfamoyl-3,4-dihydro-4-oxosplrot 2H -1 -benzopyran-2,1 '-cyclohexan]-7-yl)- 
oxy}acetate 

A solution of ethyl 2{(5^ethoxy-8-chlOTOSulfonyl-3,4^ihydro-4-oxospiro[ 2H -1-benropyran-2,r- 
cycfohexan]-7-yl)oxy}acetate (prepared in Preparation 70) (0.32 g ( 0.74 mmol) in dichloromethane (4 ml) is 
added dropwise to a solution of liquid ammonia (2 ml, 80 mmol) and triethylamine (0.1 ml, 0.7 mmol) in 
dichloromethane (4 ml) at -25 to -20 * C. After stirring at the same temperature for 30 minutes, the solvent 
is removed by distillation. The residue is placed on a silica gel column and eluted with a mixture of acetone 
and dichloromethane (1:1) to yield the title compound as a crystalline solid (0.173 g, yield 56.5%). 
Recrystallization from a mixture of ethyl acetate and ether gives a product having a melting point of 188 - 
190 "C. 



Elemental analysis (forCisffesNOgS) 


Calcd.: 
Found: 


C, 53.39; 
C, 53.19; : 


p. 5.89; 


N, 3.28; 
N.3.20; 


S, 7.50 
S, 7J5S 
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1 H-NMR (CDCI3) 5ppm: 5.96(1 H. S), 5.88(2H*>). 4.78(2H f s> l 4-34<2H,q,J=7) f 3.94(3H,s), 2.66(2H,s), 2.15 - 
1.2(10H,m). 1.34{3H,t,J=7). 



5 Preparation 72 



10 



15 



20 



Ethyl 2-{(5-methoxy-8-N -methylsulfamoyl-3,4<lihydro-4-oxosplro[ 2H -1-benzopyran-2,1 -cyclohexan]-7-yl)- 
oxy}acetate 

To a solution of ethyl 2-{(5-methoxy-8<*ilorosuifonyl-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'- 
cyclohexan>7-yl)oxy}acetate (prepared in Preparation 70) (0.30 g, 0.70 mmol), triethylamine (0.87 ml, 6.2 
mmol) in acetone (6.7 ml) is added dropwise a 30% methylamine solution in ethanol (0.181 g, 1.5 mmol) at 
-30 to -20 * C over 10 minutes. After 30 minutes stirring at the same temperature, the solvent is removed 
by distillation. The residue is dissolved in ethyl acetate. The solution Is washed with dilute hydrochloric acid 
and then saturated brine, dried, and concentrated. The residue is placed on silica gel column and eluted 
with a mixture of ethyl acetate and dichloromethane (1:1) to yield the title compound as crystalline solid 
(0.244 g, yield 82.4%). Recrystallization from ethyl acetate gives a product having a melting point 177-178 



25 



Elemental analysis (for C20H27NO8S) 



Calcd.: 
Found: 



C, 54.41; 


H, 6.16; 


N, 3.17; 


C, 54.17; 


H, 6.06; 


N, 3.19; 



S, 7.26 
S, 7.12 



1 H-NMR(CDCI 3 ) 5ppm: 6.17(1H,q,J = 5.2), 5£5(1H,s). 4.70(2H,s), 4.34(2H,q,J = 7.2), 3.94(3H,s). 2.70- 
(3H,d,J = 5.2), 2.66(2H,s)\ 2.15 - 1.2(10H,m), 1.35(3H,t,J = 7.2). 

30 

Preparation 73 



35 



40 



45 



60 



Ethyl 2-{(5-methoxy-8-N 
7-yl)oxy}acetate ~~ 



N Klimethylsulfamoyl-3 ( 4-dihydro-4-oxospirp[ 2H -J-£enzopyran-2,1 -cyclohexan- 



A solution of ethyl 2-{(5-methoxy-8-chlorosulfonyi-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1 - 
cyclohexan]-7-yl)oxy}acetate (prepared in Preparation 70) (0.35 g ( 0.81 mmol) in acetone (7 ml) is added 
dropwise to a mixture of 50% aqueous dimethyianwne (0.085 g, 0.94 mmol) : acetone (2 ml), and 
triethylamine (0.096 g, 0.95 mmol) at -30* C. The mixture is stirred at -30 to -20 * C for 20 minutes. The 
reaction mixture is treated in the same maneer as in Preparation 72. The resulting residue is chromatog- 
raphed (eluent: acetone and dichloromethane, 1:1) to yield the title compound as a crystalline solid (0.30 g, 
yield 84.1%). Recrystallization from diethyl ether gives a product having a melting point of 237 - 238 * C. 



Elemental analysis (for Caih^sNOsS) 



Calcd.: 
Found: 



C, 55.37; 


H t 6.42; 


N, 3.07; 


C, 55.20; 


H, 6.30; 


N, 3.06; 



S, 7.04 
S, 6.74 



1 H-NMR (CDCI3) Sppm: 5.93(1 H, s). 4.78(2H, 4.28{2H*|,J=7.2), 3^0(3H, s), 2.92(6H, s), 2.66(2H, s), 2.1 
1.2 (10H,m), 1.3(2H,t,J = 7.2). 



£5 



Preparation 74 



31 
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Ethyl 2-{(7-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,r-cyclohexan]-5-yl)oxy}acetate 

To a solution of 5,7-dimethoxy-spirott 2H -1-benzopyran-2,1-cyclohexanH(3H)-one (prepared in Prep- 
aration 8) (0.70 g, 2.54 mmol) in dry dichTbromethane (5 ml) Is added dropwise 2 M boron trichloride 

s solution in dichloromethane (3 ml, 6 mmoi) at -35 " C, After one hour stirring at -30 to 0 " C, ice-cold water 
is added to the mixture and the mixture is extracted with dichloromethane. The dichloromethane layer is 
washed wfth water, dried, and concentrated to yield 5-hydroxy-7-methoxyspiro[ 2H -1-benzopyran-2,l'- 
cyclohexanl-4-(3H)-one as a crude crystalline solid (0.66 g, 99.5%). RecrystallizatiolTfrom hexane gives a 
product having a melting point of 69-70 * C. 

io A mixture of the above compound (0.71 g, 2.71 mmol), ethyl bromoacetato (0.542 g, 3.69 mmol), 
sodium iodide (0.02 g, 0.13 mmol), anhydrous potassium carbonate (0.56 g, 4.06 mmol) and DMF (9 ml) is 
stirred three overnights at room temperature. The mixture is treated in the same manner as in Preparation 
27 to yield the title compound as a thick syrup (0.80 g, yield 85%). 

1 H-NMR (CDCI 3 ) 5ppm: 6.10(1H,d,J =2), 5.89(1 H,d,J =2), 4.64(2H,s), 4.25(2H,q,J = 7), 3.78(3H,s), 2.61- 

16 (2H,s), 2.1 - 1.2(13H,m). 



Preparation 75 

20 

(4'-Ac^tylaminch2\6'^imethoxyphenyl)^thanone (75-1), (4'-acetylamino-2'-hydroxy-e'-methoxyphenyl)- 
ethanone (75-2), and (2'-acetylamino-4' t 6'-dimethoxyphenyl)ethanone (75-3) 

To a solution of acetyl chloride (9.42 g, 0.12 mol) in dry dichloromethane (200 ml) is added anhydrous 
25 aluminium chloride (26.68 g ( 0.2 mo!) at room temperature with stirring and reacted for 0.5 hours, which is 
followed by the addition of N -3' ,5' dimethoxyphenylacetamide (18.2 g, 0.093 mol) keeping the temperature 
below 10 *C. After 1.5 hours reaction at room temperature, the mixture is diluted with dichloromethane, 
poured into 10% ice-cooled hydrochloric acid, and extracted with dichloromethane. The dichloromethane 
layer is washed with water, dried, and the solvent is removed by distillation. The residue Is placed on a 
30 silica gel column and eluted with a mixture of ethylacetate and dichloromethane (1:1). From the earlier 
fraction, the title compound (75-3) (4.2 g, 19%) is obtained. From the succeeding fractions, the title 
compound (75-2) (2.23 g, 11%) and (75-1) (12.3 g, 50%) are obtained, successively. Each compound is 
employed to the next step without purification. 

35 

Compound (75-1) ; m.p.= 194 - 195 "C 



40 


Elemental analysis (for C12H15NCU) 




Calcd.: 


C, 60.76; 


H, 6.37; 


N, 5.90 




Found: 


C, 60.41; 


H, 6.24; 


N,5.88 



'H-NMR (CDCI3) 6ppm: 8.15(1H,b), 6.80(2H,s), 3.70(6H,s), 2.45(3H,s) ( 2.12(3H,s). 
Compound (75-2) ; m.p.= 196 - 197 * C 



Elemental analysis (for CnhhsNO*) 


Calcd.: 
Found: 


C, 59.19; 
C, 59.00; 


H, 5.87; 
H, 5.78; 


N, 6.28 
N,6.13 



'H-NMR (CDCI3) 5ppm: 13.57(1H,s), 7.50(1H,b). 7.10(1H.d.J = 1.5). 6.31 (1H,d.J = 1.5), 3.85(3H,s), 2.60<3H.s), 
2.17(3H,s). 



32 
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Compound (75-3) ; m.p. = 105 - 106 ' C 



Elemental analysis (for C12H15NO4) 


Calcd.: 
Found: 


C. 60.76; 
C, 60.74; 


H, 6.37; 
H, 6.30; 


N, 5.90 
N, 5.76 



1 H-NMR (CDCb) 5ppm: 11.70(1H,b), 8.00(1 H,d,J== 3), 6.18(1^=3), 3.81(6H,s), 2.56(3H.s), 2.18(3H,s). 



Preparation 76 

(4'-Amlno-2 f ,6'-dimethoxyphenyl)ethanone 

A mixture of (4'-acetylamino-2' ( 6'-dimethoxyphenyl)ethanone (compound 75-1) (7.11 g # 0.03 mo!) and 
10% potassium hydroxide solution in ethanol is heated to reflux for 3 hours. The solvent is distilled from the 
reaction mixture under reduced pressure. The residue is dissolved in dichioromethane, and the solution is 
washed with water, dried, and concentrated. The residue is placed on a silica gel column and eluted with a 
mixture of ethylacetate and dichioromethane (1:1) to yield the title compound as a crystalline solid (5.54 g, 
95%, m.p.= 154-155 * C). 



Elemental analysis (for CioHiaNOa) 


Calcd.: 
Found: 


C, 61.53; 
C t 61.50; 


H, 6.71; 
H, 6.69; 


N ( 7.18 
N, 7.20 



1 H-NMR (CDCIa) Sppm: 5.86(2H,s). 3.76(2H,b), 3.76(6H,s), 2.43(3H,s). 



Preparation 77 



(4\6'-Dimethoxy-2'-mercaptophenyl)ethanone 

A solution of (2'-hydroxy-4',6'-dimethoxypheny!) dthanone (Table 1, literature No. d) (8 g, 40.8 mmol) in 
dry DMF (31 ml) is added dropwise to a suspension of 60% sodium hydride (1.71 g, 42.8 mmol) in DMF 
(10 ml) under Ice-cooling under nitrogen atmosphere. After 5 minutes stirring at room temperature. N.N- 
dimethylthiocarbamoyl chloride (6.55 g, 53 mmol) is added to the mixture. The mixture is heated at 55 to 60 
" C for one hour with stirring. To the reaction mixture is added ice-cooied saturated aqueous ammonium 
chloride solution. The mixture is extracted with a mixture of ethyl acetate and dichioromethane (2:1). The 
extract is washed with saturated brine, dried, and the solvent is removed by distillation. The residue Is 
treated with diethyl ether, and the mixture is filtered to obtain a crystalline solid (4.84 g). The mother llquror 
is applied to a silica gel column. The column is developed with a mixture of ethyl acetate and 
dichioromethane (1:9) to obtain an additional crystalline solid (1.43 g). The overall yield of 0-(2-acetyl-3,5- 
dimethoxyphenyl)-N , N -dimethylthiocarbamate is 625 g (54%). 

This crystal (3.0 g, 11.2 mmol) is dissolved in diphenyi ether (30 ml) and the solution is heated at 220 
to 230 ' C for one hour with stirring under nitrogen gas. Diphenyi ether is removed under reduced pressure. 
The residue is placed on a silica gel column and eluted with a mixture of ethyl acetate and dichioromethane 
(1:9) to obtain S-(2-acetyi-3,5-dimethoxyphenyl)-N . N -dimothylthiocarbamate as a thick syrup (1.0 g, yield 
33%). 

A solution of the thick syrup (1.0 g, 3.75 rnmot) and 2 N sodium hydroxide (2.3 ml) in methanol (10 ml) 
is heated to ref lux for one hour under nitrogen gas. After th9 mixture is made acidic with dilute hydrochloric 
acid, methanol is removed under reduced pressure and the residue is extracted with diethyl ether. The 



S3 
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extract is washed with saturated brine, dried, and the solvent is removed by distillation. The residue is 
placed on a silica gel column and eluted with a mixture of ethyl acetate and dichloromethane (1:9). The 
eluate is again applied to a silica gel column and eluted with a mixture of ethyl acetate and benzene (1:9) to 
obtain the title compound as a crystalline solid (0.56 g, yield 76%, m.p.= 57-59 " C). 
5 1 H-NMR(CDCl 3 ) $ppm: 6.42(1 H,d,J = 2.2), 6.26(1 H,d,J = 2.2), 4.12(1 H,s), 3.85(3H,s), 3.82(3H,s), 2.54- 
(3H,s). 



Preparation 78 

10 

5 ( 7-Dimethoxyspiro[ 2H -1-benzothiin-2,l'-cyciohexan]-4(3H)-one 

A solution of (4',6'-dimethoxy-2'-mercaptophenyl) ethanone (prepared in Preparation 77) (0.53 g t 2.5 
75 mmol) and cyclohexanonepyrrolidine enamine (0.57 g ( 3.73 mmol) in dry methanol (8 mi) is heated to reflux 
for 3 hours under nitrogen gas. The solvent is removed by distillation and the residue is dissolved in diethyl 
ether. The solution is washed with dilute hydrochloric acid and then with saturated brine, dried, and the 
solvent is removed. The residue is placed on a silica gel column and eluted with a mixture of ethyl acetate 
and dichloromethane (1:9). The starting material (0.142 g, 26%) and the title compound (crystalline solid, 
20 0.526 g, 71.9%) are obtained, successively. Recrystallization from diethyl ether gives the title compound 
having a melting point of 104 - 105 * C. 





Elemental analysis (for CteKboOaS) 


25 


Calcd.: 


C, 65.72; 


H, 6.89; 


S, 10.96 




Found: 


C, 65.73; 


H, 6.90; 


S, 10.67 



1 H-NMR (CDCIa) fippm: 6.35(1H,d.J = 2.2) ( 6.20(1 H,d, J =2.2), 3.86(3H,s), 3.82(3H,s), 2.88(2H,s), 1.95- 1.20- 
(10H,m). 



Preparation 79 

35 

5,7-Dihydroxyspiro[ 2H -1-benzothiin-2,l'-cyclohexan]-4(3H)-one 

A mixture of 5,7-Dimethoxyspirof 2H -1-benzothiin -2,1 '-cyclohexan]-4-(3H)-one (prepared in Preparation 
78) (0.526 g, 1.80 mmol) and pyridine hydrochloride (4 g, 34.6 mmol) is heated at 205 - 210 *C for 50 
minutes with stirring under nitrogen gas. After cooling, dilute HCI is added to the mixture. The mixture is 
extracted with diethyl ether. The extract is washed with saturated brine, dried, and the solvent is removed. 
The residue is placed on a silica gel column and eluted with a mixture of ethyl acetate and dichloromethane 
(1:9) to obtain the title compound as a crystalline solid (0.459 g, 96%). Recrystallization from diethyl ether 
gives a product having a melting point of 160 - 162 *C. 'H-NMR (CDCb) fippm: 13.04(1H,s), 7.5(1H,b) ( 
6.27(1 H,d,J = 2.2), 6.08(1 H.d.J= 2.2), 2.87(2H,s), 2.0 - 1.1(10H,m). 



Preparation 80 

50 

5,7-Dimethoxyspiro[1 ,2 f 3,4-tetrahydroquinoline-2,l'-cyclohexan]-4-one 

A mixture of (2'-acetylamino-4',6'-dimethoxyphenyl)ethanone (compound 75-3, prepared in Preparation 
75) (0.237 g, 1.0 mmol), potassium hydroxide (0.2 g, 3.57 mmol), water (0.2 ml), and ethanol (2 ml) is 
heated to reflux for one hour. The solvent is distilled under reduced pressure, and the residue is extracted 
with dichloromethane. The extract is washed with water, dried, and the solvent is removed to yield a 
crystalline residue. Recrystallization from ethyl acetate gives (2'-amino-4 / ,6'-dimethoxyphenyl)ethanone as a 
crystalline solid (0.114g, 58%, m.p.= 104 - 105 *C). 



34 
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To a solution of (2 -am ino^'.e'-dimethoxy phenyl) ethanone (3.25 g, 16.7 mmol) in absolute methanol 
(300 ml) is added cyclohexanonepyrroiidine enamine (5.54 g, 36.2 mmol) and pyrrolidine (2.37 g, 33.4 
mmol). The mixture is heated to reflux for 65 hours under argon gas, then the solvent is removed under 
reduced pressure. Ethyl acetate and diethyl ether are added to the residue and the mixture is filtered to 
e remove insoluble matter including starting materials (0.87 g). The ethyi acetate layer is separated, washed, 
dried and the solvent is removed by distillation. The residue is placed on a silica gel column and eluted with 
a mixture of acetone and dichloromethane (1:5) to obtain the title compound as a crystalline solid (0.88 g ? 
20%). Recrystallization from a mixture of dichloromethane and diethyl ether gives a product having a 
melting point of 168 - 169 * C, 



Elemental analysis (for CHH21NO3) 


Calcd.: 
Found: 


C, 69.80; 
C, 69.65; 


H, 7.69; 
H, 7,57; 


N, 5.09 
N, 4.98 



15 

1 H-NMR (CDCI3) 6ppm: 5.77(1 H,d,J = 2.2), 5.70(1 H,d,J =2.2), 4.49(1 H,b), 3.84(3H,s), 3.79(3H,s), 2.57(2H,s), 
2.2- 1.2(10H,m). 

20 

Preparation 81 

SJ-Dihydroxyspirori^.S.^-tetrahydroquinoline^^'-cyclohexanH-one 

25 

A mixture of SJ-dimethoxyspirotl^.a^-tetrahydroquinoline^.l'-cyclohexan^one (prepared in Prep- 
aration 80) (0.422 g, 1.53 mmol) and pyridine hydrochloride (1.2 g, 10.4 mmol) is heated at 190 *C for one 
hour with stirring under nitrogen gas. After cooling, dilute hydrochloric acid is added to the mixture and the 
mixture is extracted with ethyl acetate. The extract is washed with saturated brine, dried, and the solvent is 
30 removed by distillation. The residue is placed on a silica gel column and eluted with a mixture of ethyl 
acetate and dichloromethane (1:3). From the earlier fractions, 5-hydroxy-7-methoxyspiro[1 ,2,3,4- 
tetrahydroquinoline-2,l'-cyclohexan]-4-ono is obtained as a crystalline solid (0.098 g, 25%). From the 
succeeding fractions, the title compound is obtained as a crystalline solid (0.26 g, 68%). Recrystallization 
from diethyl ether gives a product having a melting point of 132 - 133 * C. 



Elemental analysis (for 




Ci*H 17 N0 3 M/2H 2 0) 






Calcd.: 


C, 66.65: 


H, 7.46; 


N, 5.18 


Found: 


C. 66.47; 


H. 7.13: 


N. 525 



1 H-NMR (CDCIs) 5ppm: 12.5(1H,s), 5.67(1 H,d,J = 22), 5.60(1H,b), 5.56(1 H,d,J = 2.2), 4.45(1H,b), 2.60- 
45 (2H,s), 1.8- 1.2(1 0H,m). 



Example 1 

50 

{(3,4-Dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan]-6yl)oxy}acetic acid 

A mixture of ethyl (2-{(3,4-dihydro-4-oxospiro[ 2H -l-benzopyran-2,l'-cyc!ohexan]-6-yl)oxy}acetate 
(prepared in Preparation 27) (0.5 g, 1.57 mmol) and 1 N sodium hydroxide (1.9 ml, 1.9 mmol), and ethanol 
55 (5 ml) is stirred at room temperature for one hour. The mixture is made acidic with 1N HQ, filtered, and 
washed with a small amount of water to separate crystalline precipitates. 

Recrystallization from a mixture of diethyl ether and hexane gives the title compound as a crystalline solid 
(0.39 g, 85.6%, m.p. = 148 - 149 * C). 
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Elemental analysis (for 






Calcd.: 


C t 66,19; 


H, 6.25 


Found: 


C, 66.03; 


H.6.35 



1 H-NMR (d e -DMSO) fippm: 7.23(1 H,dd,J = 9,2), 7.16(1H.dJ = 2). 6.99(1 H,d,J = 9), 4.67(2H,s). 2.74<2H,s). 2.1- 
1.1(10H,m). 



Example 2-47 



20 



25 



30 



35 




CI ') 

In Examples 2 to 47, corresponding compounds <f) were prepared according to the procedure of 
Example 1 employing the starting materials (VI or VII) and reaction conditions given in Table 9. 
Physicochemical properties of each product are shown in Table 10. 



50 



65 
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Example 48 

5 

2-{(5-Methoxy-3,4-dihydro-4-oxosplro[ 2H -1-benzopyran-2,1 / -cyclohexan]-7-y[)amIno}acetic acid 

A mixture of (4'-amino-2',6'-dimethoxyphenyi) ethanone (prepared in Preparation 76) (1.185 g, 6.08 
to mmol), dry dichloromethane (30 ml), triethylamine (0.55 g, 5.5 mmol, and trrfluoroacetic acid anhydride 
(1.15 g, 5.48 mmol)) is stirred for 1.5 hours under ice-cooling, which is followed by the addition of 
dichloromethane. The mixture is washed with dilute hydrochloric acid and then water, dried, and the solvent 
is removed by distillation. The residue is placed on a silica gel column and eluted with a mixtue of 
dichloromethane and ethyl acetate (1:1) to yield a crude product Recry stall ization from a mixture of diethyl 
15 ether and hexane gives (4-trrfluoroacetylamino-2' ( 6 , -dimethoxyphenyI)ethanone as a crystalline solid (1.67 
g, yield 85%, m.p. = 172 - 173 * C). 





Elemental analysis (for C12H12F3NO4) 


20 


CaJcd.: 


C. 49.49: 


H, 4,15; 


N, 4.81 




Found: 


C, 49.51: 


H, 4.19: 


N ( 5.05 



1 H-NMR (CDCI3) Sppnn: 8.42(1 H,b), 6.83(2H,s), 3.78(6H,s), 2.46(3H,s). 

A mixture of above (4'-trifluoroacetylamino-2',6 / -dimethoxyphenyI)ethanone (1.73 g, 5.95 mmol), anhy- 
drous DMF (60 ml), anhydrous potassium carbonate (0.50 g, 3.62 mmol), and methyl bromoacetate (0.55 g, 
3.74 mmol) is heated at 70 * C for 45 minutes with stirring. The mixture is diluted with water and extracted 
with ethyl acetate. The ethyl acetate layer is washed with water, dried, and the solvent is removed by 
distillation. The residue is placed on a silica gel column and eluted with a mixture of dichloromethane and 
ethyl acetate (15:1) to yield a crude product. Recry stall ization from hexane gives methyl (4-acetyl-3 ,5 - 
dimethoxyphenyl-N-trifluoroacetylamino)acetate (1.26 g, yield 91%, m.p.= 108 - 109 *C). 

1 H-NMR (CDCia) 5ppm: 6.60(2H,s), / 4.37(2H,s), 3.80(9H,s), 2.47(3H,s). 

To a solution of above methyl (4-acetyl-3\5'<limethoxypheny!-N -trifluoroacetylamino)acetate (1.2 g, 
3.36 mmol) in anhydrous dichloromethane (50 ml) is added dropwise 2 M boron trichloride in dich- 
loromethane (3.89 ml. 7.78 mmol) at -30 * C. After 1.5 hours stirring at room temperature, ice-cold water is 
added to the mixture. The mixture is then extracted with dichloromethane. The extract is washed with water, 
dried, and the solvent is removed by distillation. The residue is placed on a silica gel column and eluted 
with a mixture of dichloromethane and ethyl acetate (20:1) to obtain a crystalline product (1.04 g, yield 90%, 
m.p.= 79 - 80 *C). The crystalline product (0.95 g) is dissolved in absolute methanol (40 ml), and 0.2 N 
sodium methylate solution in methanol (10.65 ml) is added dropwise to it at 0 * C. After 20 minutes stirring, 
the solvent is removed by distillation. The residue is placed on a silica gel column and eluted with a mixture 
of dichloromethane and ethyl acetate (20:1) to obtain methyl (4'-acetyl-3'-hydroxy-5'-methoxyphenylamino)- 
acetate (0.388 g, yield 56%, m.p.= 114 - 115 * C). 



Elemental analysis (for C12H15NO5) 


Calcd.: 
Found: 


C, 56.91: 
C, 56.92; 


H, 5.97; 
H, 5.95: 


N, 5.53 
N. 5.73 



1 H-NMR (CDCI3) 5ppm: 1 4.2(1 H,b), 5.65(1 H,d, J = 1.5), 5.55(1 H,d, J = 1.5), 3.90{2H,s), 3.81 (6H.s), 2.55(3H,s). 

A mixture of methyl (4'-acetyl-3'-hydroxy-5'-methoxyphenylamino)acetate obtained above (0.388 g, 1.53 
mmol), absolute ethanol (30 ml), and cyclohexanonepyrrolidine enamine (0.462 g, 3.02 mmol) is heated to 
55 reflux for 2 hours under argon gas, and the solvent is removed. The residue is dissolved in ethyl acetate. 
The solution is washed with diluted HCI and then water, dried, and the solvent is removed. The residue is 
placed on a silica gel column and eluted with a mixture of dichloromethane and ethyl acetate (1:1). The 
starting material (0.06 g, 15.5%) is recovered from the earlier fractions. From the succeeding fractions, 
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methyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[2 H -14>enzopyran-2 t l'^ctoho>tan>7-yl)amino}acetate is ob- 
tained as a crystalline solid (0.481 g, 82%, m.p.= 168 - 109 *C). 



5 


Elemental analysis (for CishfesNOs) 




Calcd.: 


C ( 64.85; 


H, 6.95; 


N, 4.20 




Found: 


C, 64.57; 


H, 7.00; 


N, 4.53 



1 H-NMR (CDCb) 5ppm: 5.71 (1H,d,J = 2.2). 5.69(1 H,d,J = 2.2), 5.7 - 4.6(1 H,b), 3.95(2H,s), 3.86(3H,s), 3.82- 
(3H,s), 2.59(2H,s), 2.1 - 1.2(10H,m). 

A mixture of methyl 2-{(5-methoxy-3 t 4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cycIohexan]-7-yl)- 
amino}acetate obtained above (0.394 g, 1.18 mmol), 1 N sodium" hydroxide (1.19 ml, 1.19 mmol), and 
ethanol (10 ml) is stirred at room temperature for one hour. Ethanol is distiUed under reduced pressure, and 
the residue is dissolved in water. The aqueous solution is washed with ethyl acetate, and filtered to remove 
insoluble substances. The filtrate is adjusted to pH 5 - 6 with dilute HCI. The resulting crystalline precipitate) 
is separated by filtration, washed with water and dried to yield the title compound as a crystalline solid 
(0.351 g, 93%,m.p.= 112-113 * C). 



Elemental analysis (for C17K21NO5) 


Calcd.: 
Found: 


C, 63.94; 
C, 63.82; 


H, 6.63; 
H t 6.60; 


N, 4.39 
N, 4.23 



1 H-NMR (de-acetone) Sppm: 5.98(1 H,d.J = 2.2), 5.95(1H,b), 5.79(1 H,d.J= 22). 4.03(2H,d,J =5.2), 3.74(3H,s), 
2.45(2H,s), 2.1 -1.2(10H,m). 

30 

Example 49 



2-{(5-Hydroxy-3,4-dihydrr>4-oxospiro[2 H -1-ben2othiine-2,l'-cyclohexan]-7yI)oxy}acetic acid 

35 ~~ 

(1) A mixture of 5,7-dihydroxy-spiro[ 2H -1-benzo1hIine-2 f 1 # -cyclohexanH(3H>-one (prepared In Prep- 
aration 79) (0.47 g, 1.78 mmol), ethyl bromoacetate (0.297 g, 1.78 mmol), anhydrous potassium carbonate 
(0.368 g, 2.87 mmol), and dry acetonitrile (5 ml) Is stirred overnight at room temperature. The mixture is 
stirred at 35 *C for additional 5 hours. The reaction mixture is filtered toiemove Inorganic materials. The 

40 solvent is removed by distillation from the filtrate. The residue is placed on a silica gel column and eluted 
with a mixture of dichloromethane and ethyl acetate (9:1) to obtain ethyl 2-{(5-hydroxy^ 1 4-dihydro-4- 
oxospiro[ 2H -1-benzothiine-2,l'-cyclohexan>7-yl)oxy}acetate as a crystalline solid (0.57 g, 81.5%). Re- 
crystallization from diethyl ether gives a product having a melting point of 87 - 88 * C. 



Elemental analysis (for C18H22OSS) 


Calcd.: 
Found: 


C, 61.69; 
C, 61.73; 


H, 6.33; 
H, 6.45; 


S t 9.15 
S, 8.95 



50 

1 H-NMR (CDCb) 6ppm: 13.05(1H,s), 6.36(1*^ = 2.4), 6.09(1^1^ = 2.4), 4.61{2H,s), 4.28(2H I q,J = 7), 
2.90(2H t s), 2.0 - 1.2(10H,m), 1 .30(3H,t, J = 7). 

(2) A mixture of the crystalline solid (0.11 g, 0.314 mmol) obtained above (1), 1 N-sodlum hydroxide 
66 (0.76 ml, 0.76 mmol), and ethanol (1 ml) is sGrred at room temperature for 2 hours. The mixture Is made 
acidic with dilute HCI. The resulting crystalline precipitates are separated by filtration, washed with water, 
dried and recrystallized from diethyl ether to yield the title compound as a crystalline solid (0.092 g, 90%, 
m.p.= 189-190 *C). 
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Elemental analysis (for CieHmOsS) 


Calcd.: 
Found: 


C f 59.61; 
C, 59.39; 


H, 5.63; 
H, 5.85; 


S, 9.94 
S, 9.82 



'H-NMR (d 6 -DMSO) 5ppm: 13.03(1H,s), 6.42(1 H ( d, J =2.4), 6.19(1H,d,J = 2.4), 4.78(2H,s), 2.98(2H ( s), 1.9 - 
1.1(10H.m). 

10 

Example 50 



2-{(5-Methoxy-3,4-dlhydro-4-oxospiro[ 2H -1-benzothiin-2,l'-cycIohexan]-7-yl)oxy}acetic acid 

A mixture of ethyl 2-{(5-hydroxy-3 t 4-dihydro-4-oxospIro[ 2H -1-benzothiin-2,l'-cyclohexan-7-yl)- 
oxy}acetate (prepared in Example 49 (1)) (0.129 g, 0.369 mmol), methyl iodide (0.078 g, 0.56 mmol), 
anhydrous potassium carbonate (0.102 g, 0.74 mmol), and dry DMF (1 ml) is stirred overnight at room 
temperature and the soivent is removed by distillation. The residue Is dissolved in diethyl ether. The 
solution is washed with saturated brine, dried and concentrated. The residue is placed on a silica gel 
column and eiuted with a mixtue of dichloromethane and ethyl acetate (9:1) to obtain a product as a 
crystalline solid (0.118 g, 88%). Recrystallization from ethanol gives a product having a melting point of 121 
-122 *C). 



Elemental analysis (for C19H24O5S) 


Calcd.: 
Found: 


C, 62.62; 
C, 62.40; 


H, 6.64; 
H, 6.59; 


S.8.80 
S, 8.53 



'H-NMR (CDCb) Sppm: 6.29(2H,s), 4.62(2H,s). 4.26(2H,q,J = 7), 3.87(3H.s), 2.86(2H,s) f 2.2 - 1.2(10H,m), 
1.30(3H.tJ = 7). 

A mixture of the above crystalline solid (0.085 g, 0.23 mmol), 1 N-sodium hydroxide (0.28 ml. 0.28 
35 mmol), and ethanol (2 ml) is stirred at room temperature for 0.5 hours. The mixture is made acidic with 
dilute HCI and distilled under reduced pressure to remove ethanol. The residue is extracted with a mixture 
of diethyl ether and dichloromethane (1:1). The organic layer is washed with saturated brine, dried, and the 
solvent is removed. The crystalline residue Is washed with diethyl ether and recrystatlized from ethanol to 
yield the title compound (0.070 g, 89.4%, m.p.= 195 - 196 * C). 



Elemental analysis (for C17H20O5S) 


Calcd.: 
Found: 


C, 60.70; 
C, 60.59; 


H, 5.99; 
H, 5.96; 


S, 9.53 
S, 9.29 



1 H-NMR (de-DMSO) Sppm: 13.14(1 H.s), 6.40(1 H.d,J = 22), 6.38(1 H,d t J = 2.2), 4.80(2H,s), 3.77(3H t s), 2.80- 
(2H.S), 1.9-1.1(10H,m). 

50 

Example 51 



2-{(5-Hydroxy-4-oxospiro[1 t 2,3,4-tetrahydroquinotine-2 ( 1 '-cyclohexan>7-yl)oxy}acetic acid 

(1) A mixture of 5,7-dihydroxy spiro[1,2,3 f 4-tetrahydroquinoline-2 t 1 / -cyclohexan]-4-one (prepared in 
Preparation 81) (0.247 g, 1.0 mmol), ethyl bromoacetate (0.184 g, 1.10 mmol), anhydrous potassium 
carbonate (0.207 g, 1.5 mmol), and dry acetonltrile (4 ml) is stirred at room temperature for 4 hours. The 
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solvent is removed under reduced pressure and the residue is extracted with ethyl acetate and water. The 
ethyl acetate layer is separated, washed with water, dried, and the solvent is removed. The residue is 
placed on a silica gel column and eluted with a mixture of acetone and dichloromethane (1:10) to obtain a 
crude product Recrystallization from a mixture of diethyl ether and hexane gives ethyl 2-{(5-hydroxy-4- 
5 oxospiro[1,2,3,4-tetrahydroquinoline-2 l l'-cyclohexan]-7-yl)oxy}acetate (0.265 g, 79%, m.p.= 134- 135 *C). 





Elemental analysis (for C18H23NO5) 




Calcd.: 


C, 64.85; 


H, 6.95; 


N, 4.20 


10 


Found: 


C, 64,52; 


H, 7.01; 


N, 4.15 



1 H-NMR (CDCI3) fippm: 12.47(1 H,s). 5.70(1 H,d,J = 2.4), 5.64(1 H,d,J = 2.4), 4.58(2H,s), 4.45(1 H,b), 4.28- 
(2H,q,J = 7), 2.60(2H,s). 1.9 - 12(10H,m), 1 .31 (3H,t,J = 7). 

16 (2) A mixture of the product obtained in (1) (0.103 g, 0.31 mmol), 0.2 N sodium hydroxide (1 .85 ml, 0.37 
mmol), and ethanol (2 mi) is stirred at room temperature for 0.75 hours. The mixture is made acidic with 
dilute HCI and distilled under reduced pressure to remove ethanol. The residue is extracted with ethyl 
acetate. The organic layer is separated, washed with saturated brine, dried, and the solvent is removed to 
obtain crystalline residue. The residue is washed with diethyl ether, and recrystallized from ether to obtain 

20 the title compound (0.090 g, 95%, m.p. = 177 - 178 ° C). 



Elemental analysis (for 




Ci G Hi9N0 5 # 1/2H 2 0) 






Calcd.: 


C, 61.14; 


H.6.41; 


N, 4.45 


Found: 


C, 61 .36; 


H, 6.50; 


S, 4.33 



30 1 H-NMR (de-DMSO) 5ppm: 13.10(1H,b), 12.46(1H,s), 6.87(1H,bs), 5.83(1 H,d,J = 2.2), 5.52(1 H,d,J = 2.2), 4.62- 
(2H.s), 2.51 (2H,s), 1.80 - 1.20(10H.m). 



Example 52 

35 

2{(5-methoxy-4-oxospiro[1 ,2,3,4-tetrahydroquinoiine-2,1 -cyclohexan]-7-yl)oxy}acetic acid 

(1) A mixture of ethyl 2-{(5-hydroxy-4-oxospiro[1,2 I 3,4-tetrahydroquinoline-2,l'-cyclohexan]7-yl)oxy)- 

40 acetate (prepared in Example 51 (1)) (0.15 g, 0.45 mmol), methyl iodide (0.071 g, 0.50 mmol), anhydrous 
potassium carbonate (0.094 g, 0.68 mmol), and dry DMF (4 ml) Is stirred at 40 " C for 9 hours. After the 
addition of methyl Iodide (0.14 g, 1.0 mmol), the stirring is continued for an additional 4 hours. The solvent 
is removed by distillation and the residue is dissolved in ethyl acetate. The solution is washed with 
saturated brine, dried, and the solvent is removed. The residue is placed on a silica gel column and eluted 

45 with a mixture of ethyl acetate and dichloromethane (1:10). The earlier fractions containing oily materials are 
discarded. From the succeeding fractions, the desired product is obtained as a crystalline solid (0.067 g, 
43%, m.p.= 158-159 *C). 

'H-NMR (CDCI 3 ) 5ppm: 5.83(1 H.d.J = 2.4), 5.62(1 H,d,J = 2.4), 4.58(2H,s), 4.29(2H,q,J =7), 3.84(3H,s), 
2.57(2H,s), 2.9 - 1.2(10H,m), 1.31(3H,t,J =7). 

50 (2) A mixture of the above crystalline solid (0.060 g, 0.173 mmol), 0.2 N sodium hydroxide (1 ml, 0.2 
mmol), and ethanol (1 ml) is stirred at room temperature for 1.75 hours. The mixture is made acidic with 
dilute HCI. Ethanoi is removed under reduced pressure to yield a crystalline residue. The residue is 
dissolved in acetone and the mixture is filtered to remove insoluble materials. The filtrate is distilled under 
reduoed pressure. The residue is recrystallized from a mixture of acetone and diethyl ether to yield the title 

65 compound as a crystalline solid (0.031 g, 56%, m.p. = 241 - 242 ° C). 
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Elemental analysis (for 




C l7 H z1 N0 5 9 M2H 2 0) 






CaJcd.: 


C, 58.94; 


H # 6.98; 


N, 4.04 


Found: 


C, 58.64; 


H. 6.75; 


S, 4.04 



1 H-NMR (d 6 -DMSO) 5ppm: 13.10(1H,b), 6.65(1H,bs), 5.94(1 H,d,J= 2.2), 5.69(1 H.d, J =2.2), 4.61 (2H,s), 3.66- 
(3H,s), 2.33(2H,s), 1.80 - 1.20(10H,m). 



Example 53 

15 {(5-Methoxy-4-chlorosp!ro[ 2H -1-benzopyran-2,r-cyc!ohexan]-7-yl)oxy}aoefic acid 

{(5-Methoxy-3,4-dihydro-4-oxospiro[ 2H -1-ben20pyran-2,l'-cyclohexan]-7-yl)oxy}ac8tic acid (prepared 
in Example 21) (0.29 g. 0.91 rnmol) is reacted with an excess of diazornethane In diethyl ether. The mixture 
is distilled to remove diazornethane and ether. To the residue is added oxatyl chloride (0.483 g. 3.65 rnmol) 
and dry benzene (10 ml), and the mixture is heated to reflux for 3.5 hours. The solvent Is removed under 
reduced pressure. The residue is placed on a silica gel column and eluted with a mixture of ethyl acetate 
and hexane (1:2) to obtain methyl {(5-methoxy-4-chlorospiro[ 2H -1-benzopyran-2 t l'-cyclohexan-7-yl)- 
oxy}acetate as a crystalline solid (0.30 g, 93%). 

A mixture of the obtained ester (0.30 g, 0.85 rnmol), 1 N sodium hydroxide (1 ml, 1.0 rnmol), and 
ethanol (2 ml) is stirred at room temperature for 0.5 hours. The reaction mixture is made acidic with 1 N 
HCI and distilled under reduced pressure at room temperature to remove ethanol. The residue is extracted 
with diethyl ether. The extract is washed with saturated brine, dried, and the solvent is removed under 
reduced pressure. The residue is treated with diethyl ether and recry stall ized from 80% ethanol to obtain 
the title compound (0.185 g, 64.5%, m.p.= 132 - 133 *C). 



Elemental analysis (for C17H19CIO5) 


Calcd.: 
Found: 


C, 60.27; 
C, 60.13; 


H, 5.65; 
H, 5.75; 


Ci. 10.46 
Ci, 10.18 



'H-NMR (d 6 -DMSO) «ppm: 13.05(1H,b), 6.22(1 H,d,J= 2.4), 6.12(1H.d«J=2.4). 5.75(1 H.s). 4.70(2H,s), X76- 
(3H,s), 1.85- 1.1 (10H,m). 



Example 54 



45 {(5~Methoxy-3,4-dihydrodispiro[ 2H -1-benzopyran-2,l'-cyclohexan-4,2 w -[1 ,3]dithioian]-7-yl)oxy}acetic acid 

A mixture of ethyl {(5-methoxy-3 ( 4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan]-7-yI)oxy)- 
acetate (prepared in Preparation 49) (0.5 g, 1.44 rnmol), ethanedithiol (0,149 g, 1.59 rnmol), dry benzene (10 
ml), and p -toluenesulfonic acid (0.013 g, 0.076 rnmol) is heated to reflux for 12 hours under conditions for 

50 azeotropic dehydration. The solvent is removed under reduced pressure. The residue is applied to a silica 
gel column and elutod with a mixture of ethyl acetate and dichloromethane (1:9). The eluate is applied to a 
Lober column and elutod with a mixture of ethyl acetate and hexane (1 :2) to obtain ethyl ((5-methoxy-3,4- 
dihydrodispirof 2H -1-benzopyran-2,1 / <;yclohexan4^ as an oil (0.50 g, 

82.1%). A mixtureof the ester (0.49 g, 1.16 mmol). 1 N sodium hydroxide (1.27 ml, 1.27 rnmol), and ethanol 

65 (5 ml) is stirred at room temperature for 0.5 hours. The reaction mixture is made acidic with 1 N HCI and 
distilled under reduced pressure at room temperature to remove ethanol. The residue is extracted with 
diethyl ether. The extract is washed with saturated brine, dried, and the solvent is removed under reduced 
pressure. The residue is treated with a mixture of diethyl ether and hexane to obtain the title compound as 

49 



EP 0 415 666 A1 



a crystalline solid (0.43 g, 93.7%). Recrystaliization from ethyl acetate gives a product having a melting 
point of 189- 190 *C. 



5 


Elemental analysis (for CiaHaiOsSz) 




Calcd.: 


C, 57.55; 


H.6.10; 


S, 16.17 




Found: 


C f 57.39; 


H, 5.95; 


S, 16.46 



1 H-NMR (de-DMSO) 5ppm: 13.0(1 H.b). 6.15(1H,d,J = 2.4), 5.88(1 H.d,J = 2.4), 4.62(2H,s), 3.77(3H,s), 3.6 - 3.3- 
(4H,m) I 2.55(2H,s), 1.8 - 1.2(10H,m). 



Example 55 

2-{ N -acetyl-(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-ben2opyran-2,l'-cyclohexan-7-yl)amino}acetic acid 

To a solution of 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -l-benzopyran^.l'-cyclohexan^-y)- 
amino}acetic acid (prepared in Example 48) (0.204 g, 0.64 mmol) irTpyridine (3 ml) is added acetyl chloride 
(0.126 g, 1.61 mmol) and the mixture is stirred two overnights at room temperature. To the reaction mixture 
is added ice and dilute hydrochloric acid, and the mixture is extracted with ethyl acetate. The extract is 
washed with water, dried, and the solvent is removed. The residue is applied to a silica gel column and 
eluted with a mixture of ethyl acetate, dichloromethane and acetic acid (200:800:1). The eluate is distilled 
under reduced pressure and the residue is dissolved in ethyl acetate. The solution is washed with water, 
dried, and the solvent is removed to obtain the title compound as an amorphous substance (0.080 g, 33%). 



Elemental analysis (for 




C,9H 2 3NOe # 5/4H 2 0) 






Calcd.: 


C, 59.44; 


H, 6.69; 


N, 3.65 


Found: 


C, 59.70; 


H, 6,42; 


N ( 3.61 



1 H-NMR (CDCI3) 5ppm: 6.56(1 K.d.J - 1 .6), 8.46(1 H,d,J = 1 .6), 4.9(1 H,b), 4.38(2H l s), 3.90(3H,s), 2.69(2H ( s), 
2.06(3H,s), 2.1 -1.2(10H,m). 



40 Example 56 



Pivaloyloxymethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l'-cyclohexan-7-yl)oxy}acetic 
acid 

45 

To a solution of 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,l -cyclohexan-7-yl)- 
oxy}acetic acid (prepared in Example 21) (4.0 g, 12.5 mmol) in acetbnitrile (30 ml) is added 2 N potassium 
hydroxide (7.5 ml, 15 mmol) and the mixture is stirred at room temperature for 2 hours. The solvent is 
removed under reduced pressure. The residue is mixed with ethanol and the mixture is filtered to separate 

50 potassium 2-{(5-methoxy-3,4-dihydro-4~oxospiro[ 2H -Hbenzopyran-2,1 -cyclohexan-7-yl)oxy}acetate as a 
crystalline solid (4.11 g, 92%). To a solution of the~crystalline potassium salt (2.0 g, 5.6 mmol) in dry DMF 
(20 ml) is added 1-iodomethyl pivalate (1.756 g, 7.25 mmol), and the mixture is stirred at room temperature 
for 3 hours and distilled under reduced pressure. To the residue is added ice-cold water and the mixture is 
extracted with ethyl acetate. The extract is dried and distilled under reduced pressure. The residue is 

55 purified by silica gel column chromatography (eluent : dichloromethane and acetone, 20:1). The eluate is 
treated with a mixture of diethyl ether and hexane to obtain the title compound as a crystalline solid (2.0 g, 
82.6%, m.p.= 110-111 # C). 
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Elemental analysis (for 


C23H30O8) 




Calcd.: 


C. 63.59; 


H, 6.96 


Found: 


C, 63.58; 


H, 6.97 



1 H-NMR (CDCI3) 6ppm: 6.12(1H,d,J = 2.4), 5.96(1 H.d.J*^), 5.86(2H,s), 4.68(2H 1 s) t 3.87(3H,s), 2.62- 
(2H,s) t 2.05 - 1.25(10H,m), 1.22(9H,s). 



Example 57 

1 -(Pivaloyloxy)ethyl 2-{(5-methoxy-3,4-dihydro-4-oxospiro [ 2H -1 -benzopyran-2,1 '-cyclohexan-7-yl)- 
oxy}acetate 

To a solution of potassium 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2.l'-cyclohexan-7- 
yl)oxy}acetate (prepared in Example 56) (0.50 g, 1.4 mmol) in dry DMF (5 ml) is added 1-iodoethyl pivalate 
(0.523 g, 1.68 mmol), and the mixture is stirred at room temperature for 0.5 hours and allowed to stand 
overnight at 5 " C. The mixture is reacted at room temperature for an additional one hour with stirring. The 
reaction mixture is then treated in a same manner as Example 56. Recrystallization from a mixture of 
diethyl ether and hexane gives the title compound as a crystalline solid (0.372 g, 59%, m.p.= 121 - 122 

•o. 



Elemental analysis (for 


C 2 *H3208*1/4H 2 0) 




Calcd.: 


C, 63.63; 


H, 7.23 


Found: 


C, 63.72; 


H t 7.10 



'H-NMR (CDCI3) 5ppm: 6.91 (1H,q,J = 5.4), 6.09(1^ = 2.4), 5.97(1 H,d.J = 2.4), 4.63(2H,s), 3.86(3H,s), 2.61- 
(2H,s), 2.05- 1.10(10H,m), 1 .49(3H,d, J = 5.4), 1.18(9H,s). 



Example 58 

1-[(2-Cyclohexylacetyl)oxy]ethyl 2-[5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1 -cyclohexan-7- 
yl)oxy]acetate 

To a solution of potassium 2-{(5-methoxy-3,4-dihydro-4oxospiro[ 2H -1-benzopyran-2,1 -cyclohexan-7- 
yl)oxy}acetate (prepared in Example 56) (0.50 g, 1.4 mmol) in dry "DMF (5 ml) is added 1-chloroethyl 
cyclohexyi acetate (0.37 g, 1.81 mmol), and the mixture is stirred at 70 * C for 3 hours. The reaction mixture 
is treated the same manner as Example 56 to yield the title compound as a thick syrup (0.343 g, 50%). 



Elemental analysis (for 


C27H3GO8) 




Calcd.: 


C, 66.38; 


H, 7.43 


Found: 


C, 66.32; 


H, 7.58 



1 H-NMR (CDCI3) 6ppm: 6.92(1 H.q.J = 5.4), 6.08(1 H,d,J= 2.2), 5.96(1 H,d, J = 2.2), 4.60(2H ( s), 3.85(3H,s), 2.59- 
(2H,s), 2.17(2H,d,J=7.0), 2.00- 0.80(21H,m), 1.50(3H,d,J = 5.4). 
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Example 59 

l-(Methoxycarbonyloxy) ethyl 2-[(5-methoxy-3,4-dlhydro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan -7- 
yl)oxy]acetate 

To a solution of potassium 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 -cyclohexan-7- 
yl)oxy}acetate (prepared in Example 56) (0.50 g, 1.4 mmol) in dryTTMF (5 ml) is added 1-chloroethyl 
methylcarbonate (0.232 g, 1 .68 mmol). The mixture is stirred at room temperature for one hour, and then at 
70 ° C for one hour. The reaction mixture is treated in a same manner as Example 56. Recrystaliization 
from a mixture of diethyl ether and hexane gives the title compound as a crystalline solid (0.234 g, 40%, 
m.p.= 97 -98*C). 



Elemental analysis (for 


C21 H2GO9) 




Calcd.: 


C, 59.71; 


H, 6.20 


Found: 


C, 59.74; 


H, 6.17 



^-NMR (CDCU) appm: 6.84(1 H,q,J = 5.4), 6.08(1 H,d,J = 2.3), 5.98(1 H,d,J = 2.3), 4.63(2H,s) l 3.85(3H,s), 3.79- 
(3H,s), 2.60(2H,s), 2.00 - 1.20(10H,m), 1.54(3H,d,J = 5.4). 



Example 60 

Phthalidyi 2-[(5-methoxy-3,4~dihydro-4-oxospiro[ 2H -1-ben20pyran-2,l'-cyclohexan-7-yl)oxy]acetate 

To a solution of potassium 2-{(5-methoxy-3,4-di h yd ro-4-oxospiro[ 2H -1 -benzopyran-2,1 '-cyclohexan-7- 
yl)oxy}acetate (prepared in Example 56) (2.18 g, 6.1 mmol) in dry DMF~(20 mi) is added phthalidyi bromide 
(1.684 g, 7.9 mmol) and the mixture is stirred at room temperature for 7.5 hours, and distilled under 
reduced pressure. To the residue is added ice-cold water and the mixture is extracted with ethyl acetate. 
The extract is washed with water, dried, and distilled under reduced pressure. The resulting residue is 
purified by silica gel column chromatography (eiuent dichloromethane and acetone, 20:1) to yield the title 
compound as a crystalline solid (1.394 g, 51%, m.p.- 119 -120* C). 



Elemental analysis (for 


C25H24O8) 




Calcd.: 


C, 66.37; 


H, 5.35 


Found: 


C. 66.07; 


H, 5.52 



1 H-NMR (CDCI3) Sppm: 8.05 - 7.50(5H,m), 6.11(1H,d,J = 2.2), 5.99(1 H.d.J = 2.2), 4.75(2H,$), 3.86(3H,s), 
2.64(2H 1 s), 2.10- 1.20(10H,m). 



Example 61 



1 ,5-Dihydro-1 -{2-[(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1 -benzopyran-2,1 -cyck)hexan-7-yl)oxy]- 
acetyloxymethyl}-4H-pyrazoIo[3,4-d]pyrimidin-4-one 

To a mixture of 2-{(5-methoxy-3,4-dihydro-4-oxospiro[ 2H -1-benzopyran-2,1-cyclohexan-7-yl)- 
oxy}acetic acid (prepared in Example 21) (0.960 g, 3.0 mmol), tripTienylphosphine (0.944 g, 3.6 mmol), 1,5- 
dihydro-1-hydroxymethyl-4H-pyrazolo[3,4-d]pyrimidin-4-one [P.C.Bausal, I.H.Pitman. and T.Higuchi, 
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J.Pharm.Sci., 70, 855, (1981)] (0.548 g, 3.3 mmol) in dry cfioxane (20 ml) is added a solution of diethyl 
azodicarboxylate (0.626 g1 3.6 mmol) in dioxane (10 ml). After 3 days stirring at room temperature, diethyl 
azodicarboxylate (0.104 g, 0.6 mmol) is added to it and the mixture is stirred for an additional 2 hours. The 
mixture is distilled under reduced pressure and the residue is purified by silica gel column chromatography 
5 (eluent: dlchloromethane and methanol, 20:1). Recrystallization from ethyl acetate gives the title compound 
as a crystalline solid (1.0 g ( 70%, m.p.= 139-141 * C). 



Elemental analysis (for 

C23H24N407'1/2H 2 0) 


Calcd.: 
Found: 


C, 57.86; 
C, 57.70; 


H, 5.28; 
H, 5.08; 


N. 11.73 
N, 11.84 



16 1 H-NMR (dc-DMSO) fippm: 12.45(1H,s), 8.21 (1H.S). 8.18(1H,s), 6.35(2H,s), 6.14(1 H,d,J = 2.2), 6.04- 

(1H,d,J = 2.2), 4.94(2H,s), 3.72(3H,s), 2.56(2H l s) ) 1.85 - 1.25(10H,m). 

The following experiments were conducted to demonstrate the ability of the compounds of the present 

invention In the acceleration of the excretion of uric acid and inhibition of xanthine oxidase which leads to 
2Q inhibition of biosynthesis of uric acid. 

Experiment 1 

25 

Accelerated uric acid clearance in rats caused by administration of compound (I). 



a) Method 

30 

Nine-week-old male rats were employed for the test. As a pre-treatment for measuring uric acid 
clearance and inulin clearance, each animal was anesthetized with pentobarbital sodium, and canulae were 
placed into the right femoral artery (for blood collection), left femoral vein (for drug infusion), and urinary 
bladder (for urine collection) of each animal. 60% Urethane was subcutaneous ly administered to each 

35 anima! at a dose of 2 ml/kg body weight and then. 1.7% potassium oxonate/1.5% inulin/4% mannitol/0.9% 
saline solution was intravenously administered. After that. 0.5% pottasium oxonate/4% mannitol/1 .5% 
inulin/0.9% saline was infused to each animal at a flow rate of 0.05 ml per minute on a hot plate kept at 30 
# C. Thirty minutes later, 0.9% saline was intraperitonealy administered at 4 ml/kg body weight. After the 
equilibrium for another 30 minutes, arterial blood (0.2 ml each) samples were collected 6 times at 20 minute 

40 interval and five 20-minute urine samples were collected. Immediately after the collection of every blood 
sample, the serum was separated therefrom, and the serum samples and the urine samples were stored in 
a refregirater. 

Immediately after the first collection of the urine sample, the test compound suspended in 1% gum 
arabic was intraperitoneal ly administered at 2 ml/kg body weight. 

Uric acid both in the serum and in the urine was quantitatively analyzed by the method of Yonetani et 
al. [Yonetani, Y.; Ishii, M.; Iwaki, K., Japanese J. Pharmacology 30, 829 - 840 (1980).] Inulin was also done 
substantially by the method of Vurek f s and Pegram's [Vurek, G.G., Pegram, S.E., Anal.Biochem., 16, 409 - 
419 (1966)]. In order to analyze uric acid, 02 ml of diluted solution of deproteinized serum or urine was 
admixed with 2.5 ml of 0.4% dimedon/orthphosphoric acid solution and the resulting mixture was heated in 
a hot bath for 5 minutes. The mixture was then cooled in ice-cold water and the fluorescence was measured 
at 400 nm in the excitation wave length at 360 nm. Control experiments were carried out using an 
equivalent amount of positive control compounds. ([5-chloro-3-(2-methylphenyl-4-oxo-4H"1-benzopyran-7-yl] 
oxy)acetic acid and benzbromarone. 

55 

b) Results 

The results are listed in Table 1 1 . showing that the ability of compounds of the present invention in 
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accelerating the excretion of uric acid is superior or equivalent to that of each of the control compounds. 

Table 1 1 



5 



10 



Example No. of 


dose 


AUuaV a) 


FEua b > 


Compound 


(mg/kg) 


(mg/kg-min) 




11 


10 


0.022 


0.061 


21 


10 


0.046 


0.110 


22 


10 


0.029 


0.128 


23 


10 


0.051 


0.160 


24 


10 


0.024 


0.096 


25 


10 


0.043 


0.088 


30 


10 


0.036 


0.128 


33 


50 


0.047 


0.142 


34 


10 


0.040 


0.096 


49 


10 


0.082 


0.182 


54 


10 


0.039 


0.129 


61 


25 


-0.006 


0.103 


control c) 


10 




0.081 


control d) 


10 


0.068 


0.125 



a) Increment of urinary uric acid was calculated by subtracting the control 
value from the mean value of four measurements after the administration 
of tost compound. 

b) Increment of fractional excretion of uric acid [Uric acid clearance/inulin 
clearance (i.e., glomerular filtration rate)] was calculated by subtracting the 
control value from the mean value of four measurements after the administ 
ation of test compound. 

c) ([5-chloro-3-(2-methy lphenyl)-4-oxo-4H-1 -benzopyran-7-yl]oxy)acetic 
acid 

d) Benzbromarone 



Experiment 2 



40 Evaluation of xanthine oxidase inhibition activity 

A mixture of 0.05 M phosphate buffer (pH = 8, 2 ml), 5.0 x 10~ 4 M xanthine solution (0.5 ml), and an 
aqueous solution of a test compound (0.3 ml) was charged in a cell for the spectrophotometer. An aqueous 
solution of xanthine oxidase (200 times dilution, Boelinger Manheim, milk xanthine oxidase) (0.2 ml) was 
45 added to the mixture. The absorbance at 293 nm was measured before, and 10 minutes after, tho addition 
of xanthine. The increase in the two measurements is attributable to the amount of synthesized uric acid. A 
control experiment was carried out using water instead of the test compound solution. The 50% inhibition 
rate (IC50) was determined by assuming the increment obtained in the control trial to 100. 

The results are shown below: 



65 



Test compound 


IC 50 (M) 


Compound prepared in Example 21: 


6.5 x 10- 5 


Allopurinol : 


1.6 x 10~ 6 



The results of Experiments 1 and 2 demonstrate that the compounds of the present invention can 
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accelerate the excretion of uric add and also Inhibit the biosynthesis of uric add through xanthine oxidase 
inhibition activity. 

Therefore, the compounds of the invention are effective for the treatment of various disorders 
associated with elevated uric acid levels, including hyperuricemia, gout, ischemic cardiac diseases, 
cerebrovascular diseases, and the like. 

For the treatment or prophylaxis of the diseases noted above, a selected compound of the formula (I) is 
administered to a patient suffering from any of these disorders in an amount effective to reduce uric acid 
levels or treat said disorders. 

The compounds may be administered either orally or parenterally in the form of an appropriate 
pharmaceutical composition. The compositions can be in the form of tablets, granules, fine granules, 
powders, capsules, injectable solutions (for intravenous or intramuscular injection), and the like. The daily 
oral dosage for adult can be from about 0.5 to about 300 mg/kg, preferably about 5 to about 100 mg/kg. 
while the daily parenteral dosage can range from about 0.15 to about 100 mg/kg, preferably about 1 to 
about 50 mg/kg. The dose can be administered once or as several smaller dose. 

Claims 

1. A compound of the formula (I): 



wherein R 2 and R 2 are independently hydrogen, lower alkyl, phenyl or substituted phenyl, or R 1 and R 2 may 
form a four to eight-membered carbon ring together with the carbon atom to which they are attached; R 3 is 
hydrogen or lower alkyl; R* is one or two radicals selected from a r^roup consisting of hydrogen, halogen, 
nitro, lower alkyl, phenyl, substituted phenyl, -OR 5 and -S02NR 6 R 6 ; R 5 is hydrogen, lower alkyl, phenyl- 
substituted lower alkyl, carboxymethyl or ester thereof, hydroxethyl or ether thereof, or allyl; R 6 and R 6 are 
independently hydrogen or lower alkyl; H 7 is hydrogen or a pharmaceutical ly active ester-forming group; A 
is a straight or branched hydrocarbon radical having one to five carbon atoms; B is halogen, oxygen, or 
dithiolane; Y is oxygen, sulfur, nitrogen or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen; 
dotted iine represents the presence or absence of a single bond. 
2. A process for the production of a compound of the formula (I); 



wherein R 2 and R 2 are independently hydrogen, lower alkyl, phenyl or substituted phenyl, or R 1 and R 2 may 
form a four to eight-membered carbon ring together with the carbon atom to which they are attached; R 3 is 
hydrogen or lower alkyl; R* is one or two radicals selected from a r^roup consisting of hydrogen, halogen, 
nitro, lower alkyl. phenyl, substituted phenyl, -OR 5 and -SOzNRSR 6 ; R 5 is hydrogen, lower alkyl, phenyl- 
substituted lower alkyl, carboxymethyl or ester thereof, hydroxethyl or ether thereof, or allyl; R 6 and R G are 
independently hydrogen or lower alkyl; R 7 is hydrogen or a pharmaceuticaliy active ester-forming group; A 
is a straight or branched hydrocarbon radical having one to five carbon atoms; B is halogen, oxygen, or 
dithiolane; Y is oxygen, sulfur, nitrogen or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen; 
dotted line represents the presence or absence of a single bond, comprising: 

(a) Reacting a compound of the formula (II) wifh an enamine (ill) to produce a compound of the formula 



B 





(IV): 
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wherein R is a 4-8 membered carbon ring having a double bond at the 1 ,2-position or -C(Ph) = CH2 and 
R ,R 2 and R* are as defined above; 

(b) Reacting said compound of the formula (IV), wherein said compound is optionally substituted by a 
lower alky! group (-R 3 ) at the 3 position, with pyridine hydrochloride to produce a compound of the 
fonmula (V): 




(IV) (V) 



wherein R\R 2 ,R 3 and R* are as defined above; and 

(c) Reacting said compound of the formula (V) with an ethyl ester of a halogenated carboxylic acid of the 
formula Et 0 2 C-A-Br to produce a compound of the formula (VI): 




CY) (VI) 



wherein R\R 2 ,R 3 and R* are as defined above: 
3. A process as claimed in claim 2 wherein the resulting compound is a compound of the formula (VI ) and 
which further comprises reacting said compound of the formula (VI) with a compound of the formula R S X to 
produce a compound of the formula VII: 



EtO^C-A-OJ 




(VT) 



R S X 



K : C0 3 



Et0 2 C-A-0 




(VI) 



wherein R\R 2 ,R 3 ( R 5 and A are as defined in to in claim 1, and R* t is the same as R* except that at least 
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one of the radicals is a hydroxy! group. 

4. A process as claimed in claim 2 or claim 3 wherein the resultant compound (VI) or (VII) is isr reacted with 
N-NaOH to produce a compound of the formula (f ): 



70 




(VI) 



or 



Et0;C-A-0y r 




<VB) 



15 



20 



25 



N-NaOH 




(I') 



30 



wherein FV.FP.FP.F^R* ,R 5 and A are as defined in claim 2. 

5. A pharmaceutical composition for the treatment or prophylaxis of hyperuricemia comprising a compound 
of the formula (I): 



35 



40 



45 



50 




(I) 



wherein R 2 and R 2 are independently hydrogen, lower to alkyl, phenyl or substituted phenyl, or R 1 and R 2 
may form a four to eight-membered carbon ring together with the carbon atom to which they are attached; 
R 3 is hydrogen or lower alkyl; R* is one or two radicals selected from a qroup consisting of hydrogen, 
halogen, nitro, lower alkyl, phenyl, substituted phenyl, -OR 5 and -S0 2 NR 6 R 6 ; R 5 is hydrogen, lower alkyl, 
phenyl-substituted lower alkyl, carboxymethyl or ester thereof, hydroxethyl or ether thereof, or allyl; R 6 and 
R 6 ' are independently hydrogen or lower alkyl; R 7 is hydrogen or a pharmaceutical^ active ester-forming 
group; A is a straight or branched hydrocarbon radical having one to five carbon atoms; B is halogen, 
oxygen, or drthiolane; Y is oxygen, sulfur, nitrogen or substituted nitrogen; Z is oxygen, nitrogen or 
substituted nitrogen; dotted line represents the presence or absence of a single bond, together with one or 
more pharmaceutical ly acceptable carriers, diluents or excipients. 

6. A pharmaceutical composition as claimed in claim 5 which is in unit dosage form. 

7. The use of a compound of the formula (I): 
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B 




(I) 



wherein R 2 and R 2 are independently hydrogen, lower alkyl, phenyl or substituted phenyl, or R 1 and R 2 may 
form a four to eight-mem bered carbon ring together with the carbon atom to which they are attached; R 3 is 

70 hydrogen or lower alkyl; R* is one or two radicals selected from a o/oup consisting of hydrogen, halogen, 
nitro, lower alkyl, phenyl, substituted phenyl, -OR 5 and -S02NR 6 R 6 ; R 5 is hydrogen, lower alkyl, phenyl- 
substituted lower alkyl, carboxy methyl or ester thereof, hydroxethyl or ether thereof, or ally I; R 6 and R 6 are 
independently hydrogen or lower alkyl; R 7 is hydrogen or a pharmaceutically active ester-forming group; A 
is a straight or branched hydrocarbon radical having one to five carbon atoms; B is halogen, oxygen, or 

75 dithiolane; Y is oxygen, sulfur, nitrogen or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen; 
dotted line represents the presence or absence of a single bond, in the manufacture of a medicament for 
the treatment or prophylaxis of hyperuricemia 



Claims for the following Contracting States: ES, GR 

20 

1. A process for the production of a pharmaceutical preparation for use in the treatment or propylaxis of 
hyperuricemia which comprises admixing a pharmaceutically effective amount of at least one compound of 
the formula (I): 



B 




35 



40 



45 



50 
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wherein R 2 and R 2 are independently hydrogen, lower alkyl, phenyl or substituted phenyl, or R 1 and R 2 may 
form a four to eight-membered carbon ring together with the carbon atom to which they are attached; R 3 is 
hydrogen or lower alkyl; R 4 is one or two radicals selected from a group consisting of hydrogen, halogen, 
nitro, lower alkyl, phenyl, substituted phenyl, -OR 5 and -S02NR 6 R 6 ; R 5 is hydrogen, lower alkyl, phenyl- 
substituted iower alkyl, carboxymethyf or ester thereof, hydroxethyl or ether thereof, or ally!; R 6 and R 6 are 
independently hydrogen or lower alkyl; R 7 is hydrogen or a pharmaceutically active ester-forming group; A 
is a straight or branched hydrocarbon radical having one to five carbon atoms; B is halogen, oxygen, or 
dithiolane; Y is oxygen, sulfur, nitrogen or substituted nitrogen; Z is oxygen, nitrogen or substituted nitrogen; 
dotted line represents the presence or absence of a single bond, with one or more pharmaceutically 
acceptable carriers, diluents or excipients. 

2. A process as claimed in claim 1 wherein said compound is produced by a process comprising: 

(a) Reacting a compound of the formula (II) with an enamine (III) to produce a compound of the formula 
(IV): 




OMe 



enamine (HI) 
(O-R) 




(n) 



(IV) 



wherein R is a 4-8 membered carbon ring having a double bond at the 1 ,2-position or -C(Ph) = CH 2 and 
R\R 2 and R* are as defined above; 

(b) Reacting said compound of the formula (IV). wherein said compound is optionally substituted by a 
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lower alkyl group (-R 3 ) at the 3 position, with pyridine hydrochloride to produce a compound of the 
formula (V): 



o P 




(IV) (V) 

wherein fVJFt^R 3 and R* are as defined above; and 

(c) Reacting said compound of the formula (V) with an ethyl ester of a halogenated carboxyfic add of the 
formula Et O2 C-A-Br to produce a compound of the formula (VI): 




wherein R'.R^R 3 and R 4 are as defined above: 
3. A process as claimed in claim 2 wherein the resulting compound is a compound of the formula (VI ) and 
which further comprises reacting said compound of the formula (VI) with a compound of the formula R 5 X to 
produce a compound of the formula VII: 




(VT) (VD 

wherein R'.R^R 3 , R s and A are as defined in in claim 1. and R*' is the same as R* except ttw* at least orre 
of the radicals is a hydroxy! group. 

4. A process as claimed in claim 2 or claim 3 wherein the resultant compound (VI) or (VII) is reacted with N- 
NaOH toproduce a compound of the formula (l'): 
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CI') 

wherein FV.R^R^R^'.R 5 and A are as defined in claim 1. 

5. A process as claimed in any one of claims 1 to 4 wherein the pharmaceutical preparation is formed into a 
unit dosage form. 
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